
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 






.# ^ 




TLducatlon Lib-a^y 




♦sT- 



»• 



• I 




/> 



J^:A,.:) 



<_ 



■^ "■■^. 



T 











I Wv iH.'.&.r«M 



CONVERSATIONS 

ON 

CHEMISTRY ; 

IN WHICH 

THE EI.EMENTS OF THAT SCIENCE 

ARE 
FAMILIARLY EXPLAINED * 

AND 



.« 



• ILLUSTRATED BY EXPERIMENTS, 

AND SIXTEEN COPPER-PLATE ENGRAVINGS. 



^f[£ SIGHTH AMJBRICAir FROM THE SIXTH LONDOST SBITIOlf, &E> 
VISBD, CORRECTED AND EKLARGED. 



•j TO WHICH ARE HOW ADDED, 

rLANATIONS OP THE TEXT — QUESTIONS FOB EXERCISE — Dl- 
RECTIOXS FOR smPLIFYING THE APPARATUS, AND A VO- 
CABULARY OF TERMS — TOGETHER WITH A LIST 09 
INTURESTINO BXP^IBIMlilNTS. 

; BY O^ ;. L. COMSTOCK. ^ i 

HARTFORD: 
:: QLIVER D. COOKE. 

4822. 



Cdu^. \^x 



DISTRICT OF CONNECTICUT, m. 
BE IT REMEMBERED, That on the twenty ninth day 
L. S. of December, in the forty sixth year of the Independence of 
the United States of America, Oliver D. Cooke of the said 
district hatli deposited in this office the title of a Book, the right 
whereof be claims as- proprietor, in the words folk>wiag, to wit;, 
** Conversations on Chemistry : in which the elements of that science 
are AMaDiliarly explained and illustrated by expeiiments, and sixteen 
copperplate engravings. The eighth American from the sixth London 
edition, revised, corrected and enlarged. To which are now added, 
explanations •f the text, questions for exercise, directions for simpli- 
fying the apparatus, anda vocabulary of terms ; together with a list of 
interesting experiments. By Dr. J. L. Comstock.'' In conformity 
to the act of the Congress of the United States, entitled, " An act for 
the encouragement of learning, by securing the copies of Maps, Charts 
and Books^ to the authors and proprietors of such copies, during the 
times therein mentioDed.'* 

CHAS.A.INGERSOLL, 
Clerk of the District of Connecticut. 
A true copy of Record, examined and sealed by me, 

CHAS. A INGERSOLL, 
Ckrk of the District of Connecticut. 



I^. B. OOODS>£I.L, FRINTSK. 

^^ _ . 



i,j r.ii^ 



^' 



Ms^^ 



Jo 
ADVERTISEMENT ^3 ^ ^ 

OF THE AMERICAN EDITOR j^^/^V 

THE familiar and agreeable maaner in which the ^ Conversationt on 
Chemistry'* are written, renders this one of the most popular treatises 
on the subject which has ever appeared. The elegant and easy style 
also, in which the authoress has managed to convey scientific iostractioa 
is peculiarly adapted to the object of the work. 

In some respects, however, the English edition may be considered as 
objectionable. A book designed for the instructioD of youth, ought if 
possible to contain none but established principles. 

Known and allowed facts are always of much higher consequence 
than theoretical opinions. To youth, particularly, by advancing at 
truths, (loctrines which have arisen out of a theory not founded ou 
demoDstratioo, we run a chance of inculcating permanent error. 

In these respects we think that IVIrs. Bryan has not been sufficiently 
guarded. The brilliant discoveries of Sir Humphrey Davy, and bis 
known eminence as a Chemical Philosopher, seem in many instances 
to have given his opinions an authority, which, in the mind of the wri- 
ter, superseded further investigation. Indeed inferences are sometimes 
drawn from these opinions which they hardly warrant. Under this 
view of the- subject, a part of the notes are desired to guard the pupil 
against adopting opinions which he will find either contradicted, or 
merely examined by most chemical writers. Ip addition to this, I 
have made such explanations of the text as I thought would assi&t the 
pupil in ttoderstaodiog what he read. 

In attempting to make this science popular, and of general utility, 
it it of great importance that the experiments come within the use of 
such instruments as are easily obtained* 1 have therefore given such 
directions on thi? subject as my former experience,t, as a lecturer^ 
with a small apparatus, taught me to believe would be*6f service. 

The questions, I believe, will be found to involve whatever is most 
important to be known throughout the work. 

The list of experiments was chiefly made up without referring to 
books ; some few of them, however, are copied irom Parke, Accum, 
&c. 

Hartford, Ct. Jan. 1, 1822. 
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IN venturing to offer to the public, and more particularly to 
the female sex, an introduction to Chemistry, the author, her- 
self a woman, conceives that some explanation may be required, j 
and she feels it the more necessary to apologise for the present 
undertaking, as her knowledge of the subject is but recent, and 
as she can have no real claims to the title of chemist. 

On attending for the first time experimental lectures, the auf- 
thor found it almost impossible to derive any clear or satisfacto- 
ry information from the rapid demonstrations which are usuaf- 
ly, and perhaps necessarily, crowded into popular discourses of 
this kind. But frequent opportunities having afterwards oc- 
curred of conversing with a friend on the subject of chemistry, 
and of repeating a variety of experiments, she became better 
acquainted with the principles of that science, and began to feel 
highly interested in its pursuit. It was then that she perceiv- 
ed, in attending the excellent lectures delivered at the Royal 
Institution, by the present Professor of Chemistry, the great 
advantage which her previous knowledge of the subject, slight 
as it was, gave her over others who had not enjoyed the same 
means of private instruction. Every fact or experiment at- 
tracted her attention, and served to explain some theory to 
which she was not a total stranger ; and she had the gratifica- 
tion to find that the numerous and elegant illustrations, for 
which that school is so much distinguished, seldom failed to 
produce on her mind the effect for which they were intended. 

Hence it was natural to infer, that familiar conversation was, 
in studies of this kind, a most useful auxiliary source of informa- 
tion ; and more especially to the female sex, whose education is 
seldom calculated to prepare their minds for abstract ideas, or 
scientific language. 

As, however, there are but few women who have access to 
this mode of instruction ; and as the author was not acquainted 
with any book that could prove a substitute for it, she thought 
that it might be useful for beginners, as well as satisfactory to 
herself, to trace the steps- by which she had acquired her little 
stock of chemical knowledge, and to record, in -the form of dia- 
logues, those ideas which she had first derived from conversa- 
tion. 

But to do this with sufficient method, and to &x upon a mode 
of arrangement, was an object of some difficulty. After much 
hesitation, and a degree of embarrassment, whicn, probably, the 
most competent chemical writers have often felt in common 
with the most superficial, a mode of division was adopted, 
which, though the most natural, does not always admit of being 



Strictly purstke(} — ^it is that of treating first of the simplest bodies, 
and then gradually rising to the most intricate compounds. . 

It is not the author's intention to enter into a minute vliidica- 
tion of this plan. But whatever may be its advantages or in- 
conveniences, the method adopted in this work is such, that a 
young pupil, who should only recur to it occasionally with a 
view to procure information on particular subjects, might often 
find it obscure or unsatisfactory ; for its various parts are so 
connected with each other as to form an uninterrupted chain of 
facts and reasonings, which will appear sufficiently clear and 
consistent to those only who may have patience t(f go through 
the whole work, or have previously devoted some attention to 
the sabject. 

It will, no doubt, be observed, that in the course of these 
Conversations, remarks are often introduced, which appear 
much too acute for the young pupils, by whom they are suppo- 
sed to be made. Of this fault the author is fully aware. But, 
in order to avoid it, it would have been necessary either to omit 
a variety of useful illustrations, or to submit to such minute ex- 
planations and frequent repetitions, as would have rendered the 
work tedious, and therefore less suited to its intended purpose. 

In writing these pages, the author was more than once check- 
ed in her progress by the apprehension that such an attempt 
might be considered by some, either as unsuited to the ordinary 
pursuits of her sex, or ill-justified by her own imperfect know- 
ledge of the subject. But, on the one hand, she felt encouraged 
by the establishment of those public institutions, open to both 
sexes, lor the dissemination of philosophical knowledge, which 
clearly prove that the general opinion no longer excludes wo- 
men from an acquaintance with the elements of science ; and, 
on the other, she flattered herself, that whilst the impressions 
made upon her mind, by the wonders of Nature, studied in this 
new point of view, were still fresh and strong, blie might per- 
haps succeed the better in communicating to others the senti- 
ments she herself experienced. 

The reader will soon perceive, in perusing this work, that he 
Is often supposed to have previously acquired some slight know- 
ledge of natural philosophy, a cu-cumstance, indeed, which ap- 
pears very desirable. The author's original intention was to 
commence this work by a small tract, explaining, on a plan 
analogous to this, the most essential rudiments of that science. 
This idea she has since abandoned, an elementary work o» 
Natural Philosophy having appeared just as the first edition of 
the ^ Conversations on Chemistry" was preparing for the press. 
Her Intended ti^ct, however, was actually written, and subsequent 
considerations have lately induced her to offer it to the public. 

I* 
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Mrs. B. As you have now acquired some elementary na- 
tions of Natural Philosophy, I am going to propose to you 
another branch of science to whicli 1 am particularly anxious 
that you should dev^e a share of your attention. This is 
Cmeaustry, which is so closely connected with Natural Philos- 
ophy, that the study of the one must be incompiete without 
some knowledge of the other ; for, it is obvious that we can de- 
rive but a very imperfect idea of bodies from the study of the 
general laws by which they are governed, if we remain totally 
ignorant of their intimate nature.- 

CuroUne. To confess the truth, Mrs. 6., I am not disposed 
to form a very ftivourable idea of chemistry, nor do 1 expect to 
derive much entertainment from it. I prefer the sciences which 
exhibit nature on a grand scale, to those that are confined to 
the minutiae of petty details. Can the studies which we have 
lately pursued, the general properties of matter, or the revolu- 
tions of the heavenly bodies, be compared to the mixing up of 
a few insignificant drugs? I grant, however, there may be en- 
tertaining experiments in chemistry, and should not dislike to 
try some of them ; the distilling, for instance, of lavender, or 
rose water 

Mrs, B. I rather imagine, my dear Caroline, toat your want 
of taste for chemistry proceeds from the very limited idea you 
entertain of its object. You confine the chemist's laboratory 
to the narrow precincts of the apothecary's and perfumer's 
shops, whilst it is subservient to an imipense variety of other 
useful purposes. Besides, my dear, chemistry is by no means 
confined to wprks of art. Nature also has her labc^atory^ 

YOL. I. f 
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which is the universe, and there she is incessantly employed in 
chemical operations. You are surprised, Caroline ; but 1 as- 
sure you that the mbst wonderful and the most interesting phe- 
nomena of nature are almost all ot them produced by chemic- 
al powers. What Bergman, in the introduction to his history 
of chemistry, has said of this science, will give you a more just 
and enlarged idea of it. The knowledge of nature may be 
divided, he observes, into three periods. The first is that iu 
which the attention of men is occupied in learning the external 
forms and characters of objects, and this is called Natural His^ 
tori/. In the second, they consider the effects of bodies acting 
on each other by their mechanical power, as their weight and 
motion, andlhis constitutes the science ot Natural PhiloBOfthy. 
The third period is that in which the, properties.and mutual ac* 
tion of the elementary parts of bodies are investigated. This 
last is the science of Chemistry, and I haye no doubt you will 
soon agree with me in thinking it the most interesting. 

\o\x may easily conceive, tlierefore, that without entering in- 
to the minute details of practical chemistry, a woman may ob- 
toin such a knowledge of the science as will not only throw aa 
interest on the common occurrences of life, but will enlarge the 
sphere of her ideas, and render the contemplation of nature a 
scene of delightful instruction. 

Caroline, If this is the case, I have certainly been much mis- 
token in the notion 1 had formed of chemistry. I own that I 
thought it was chiefiy confined to the knowledge and prepara- 
tion of medicines. 

Mrs. B. That is only a branch of chemistry which is called 
Pharmacy ; and though the study of it is, ncf ^oubt^ of great 
importance to the world at large, it belongs exclusively to pro- 
fessional men, and is therefore the last that I should advise you 
to pursue. 

Eniily. But, did not the chemists formerly employ them^ 
selves in search of the philosopher's stone, or the secret of 
making gold r* 

• * The Akhymists had in view three great objects of discovery, via. 
1st. The Elixir of health; by the use ot which the lives of men iiiigDt 
be protracted to any desirable length, or their mortality prevented, 
^nd. The universal solvent, or a liquid which should dissolve every 
other substance This it was supposed would lead to the grand dis- 
covery, viz. 3rd. The making of ^oldy or Ending iha philosopher's stone. 
That men of sound and discriminating minds op other subjects, should 
have spent their whole Hv^s in pursuits so chimerical, is to us wonder-' 
^ ful indeed. But our wonder, ceases in some degree, when we are toJd 
that the doctrine of transmutation, &:c. was founded on a Theory^ 
which, iQ the 12th century, was considered as plausible, as we consid- 
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Mrs. B. These were a particular set of mts^Med philoso- 
phers, who dignified themselves with the name of Alchemists, 
to distinguish their pursuits from those of the common chemists, 
whose studies were confined to the knowledge of medicines. 

But since that period, chemistry has undergone so complete 
a revolution, that, from an obscure and mysterious art, it is now 
become a regular and beautiful science, to which art is entirely 
subservient. It is true, however, that we are indebted to the 
alchemists foe many very useful discoveries, which sprung 
from their fruitless attempts to make gold, and which, undoubt- 
edly, have proved of infinitely greater advantage to mankind 
than all their chimerical pursuits. 

The modern chemists, instead of directing their ambition to 
the vain attempt of producing any of the original substances in 
nature, rather aim at analyzing and imitating her operations, 
and have sometimes succeeded in forming combinationsj or ef- 
fecting decompositions, no instances of which occur in the 
chemistry of Nature. They have little reason to regret their 
inability to make gold, whilst, by their innumerable inventions 
and discoveries, they have so greatly stimulated industry and 
facilitated labour, as prodigiously to increase the luxuries as 
well as the necessaries of life. 

'Emily, But I do not understand by what means chemistry 
can facilitate labour 5 is not that^ rather the province o( the me- 
chanic ? 

Mrs. B. There are many ways by which labour may be 
rendered more easy, independently of mechanics 5 but mechan- 
ical inventions themselves often derive their utility from a chem- 
ical principle. ^Fhus that most wonderful of all machines, the 
Steam-engine, could never have been invented without the as- 
sistance of chemistry. In agriculture, a chemical knowledge oi 
the nature of soils, and of vegetation, is highly useful ; and, in 
those arts which relate to the comforts and conveniences of life, 
it would be endless to enumerate the advantages which result 
from the study of this science. 

er many of ours at the present day, viz. Y hat a j)erfect metal' consist- 
ed nf ^wieAw/rcr and sulphur; these, ivhen pure and united, formed 
^old. Thai ail oth:r m t-ilfi t: in ained a quantity of dross, which 
pr y Al^'d Ihe panicles of thpaf two substances from uniting. If 
tii^rftlbpts thW drr>sg could fue p;nt f'^l of in the other metals, s;old wouid 
btf thfi result. They b»'lii!ivH aUo, that nature herself favoured thi« 
opt^ratiou. Thus Friur llvj^er Baton, in his Mirror of Alchymy, says, 
**t must tell you, that oiiturty ^Ismies iotendeth and striueth to the per- 
fection fif gold ; hut rn^nj Hcridi ula comraing between, change the met- 
<iJJ«, &r„" SijrB his Eooji prJntf^d io 1597, Chap. ii. C. 
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Caroline. But pray, tell as more preeisely in vrhtA manner 
the discoveries of chemists have proved so beneficial to so- 
«ety? 

Mrs* B. That would be an injudicious anticipation ; for 
you would not comprehend the nature of such discoveries and 
useful applications, as well as you will do hereafter. Without 
a due regard to method, we cannot expect to make any pro- 
gress in chemistry. I wish to direct your observations chiefly 
to the chemical operations of Nature ; but those of Art are cer- 
tainly of too high importance to pass unnoticed. We shall 
therefore allow them also some share of our attention. 

EmUy. Well, then, let us now set to work regularly. I am 
very anxious to begim 

MrB. B. The object of chemistry is to obtain a knowledge of 
the intimate nature of bodies, and of their mutual action on 
each other. You find therefore, CaroUne, that this is no nar- 
row or confined science, which comprehends every thing mate* 
rial within our sphere. 

Caroline. On the contrary, it must be inexhaustible ; and 
I am at a loss to conceive how any proficiency can be made in 
a science whose objects are so numerous. 

Mrs. B. If every individual substance were formed of difier- 
ent materials, the study of chemistry would, indeed, be endless ; 
but you must observe that the various bodies in nature are com- 
posed of certain elementary principles, which are not very nu- 
merous. 

Caroline. Yes ; I know that all bodies are composed of fire, 
ahr, earth, and water ; I learnt that many years ago. 

Mrs. B. But you must now endeavour to forget it. I hav« 
already informed you what a great change chemistry has under- 
gone since it has become a regular science. Within these thir- 
ty years especially, it has experienced an entire revolution, and 
it is now proved, that neither fire, air, earth, nor water, can be 
called elementary bodies. For an elementary body is one that 
has never been decomposed, that is to say, separated into oth- 
er substances ; and fire, air, earth, and water, are all of them 
susceptible of decomposition. 

Emily. 1 thought that decomposing a body was dividing it 
into its minutest parts. And if so, I do not understand why an 
elementary substance is not capable of being decomposed, as 
well as any other. 

Mrs. B. You have misconceived the idea of decomposition ; 
it is very difierent from mere division. The latter simply re- 
duces a body into parts, but the former separates it into the va- 
rious ingredients, or materials, of which it Is composed. If we 



y/fyptetti takeB loaf of bread, and separate the several ii^edi* 
ents of which it is made, the 'flour, the yeast, the sah, and the 
water, it would be very different from cutting or cruoibling the 
loaf mto pieces. 

Emily, I understand you now very well. To decompose a 
body is to separate from each other the various elementary sub- 
stances of which it consists. 

Caroline, ^ut flour, water^and pther materials of bread, ac« 
cording to^our definition, are not elementary substances. 

Mrs. B. Mo,^ my dear ; I mentioned bread rather as a famil- 
iar comparison, to illustrate the idea, than as an example. 

The elementary substances of which a body is composed are 
called the constituent parts of that body ; in decomposing it| 
Aerefore, we separate its constituent parts. If, on the contra- 
ry, we divide a body by chopping it to pieces, or even by grindr 
iug or pounding it to the Jaest powder, each of these small par- 
ticles will still consist of a portion of the several constituent 
parts of the whole body : these are called the iTUegrcmt parts ; 
4o you understand the difference ? 

Emily. Yes, I think, perfectly. We decompose a body in- 
to its constituent parts 3 and divide it into its m^e^ront parts. 

Mrs^ B.ExsLCXly so. If therefore a body consists of only 
one kind of substance, though it may be divided into its inte- 
grant parts, it is not possible to decompose it. Such bodies are 
therefore called simple or elementary, as they are the elements 
of which all other bodies are composed. Compound bodies are 
such as consist of more than one of these elementary principles. 

Caroline. But do not fire, air, earth, and water, consist, each 
of them, but of one kind of substance ? 

Mrs, B. No, my dear ; they are every one of them sucepti- 
ble of being separated into various simple bodies. Instead of 
four, chemists now reckon upwards of forty elementary substan- 
ces. The exbtence of most of these is established by the clear- 
est experiments ; but, in regard to a few of them, particularly 
the most subtle agents of nature ; heat, light, and electricity^ 
there is yet much uncertainty, and I can only give you the opin- 
ion which seems most probably deduced from the latest discov- 
eries. After I have given you a list of the elementary bodies, 
classed according to their, properties, we shall proceed to exam- 
ine each of them separately, and then consider them in their 
combinations with each other. ... 

Excepting the more general agents of nature, heat, light, and 
2* 



electricity, it would seem that the simple fofm of bcKliei is that 
of a metal.* 

Caroline. Yoa astonish me ! I thought the metals were only 
one class of minerals, and that there were besides, earfhs^ 
stones, rocks, acids, alkalies, vapours, fluids, and the whole of 
^ animal and vegetable kingdoms. 

Mrs. B. You have madfe a tolerably good enumeration, 
though I fear not arrang^^d in the most scientific order. All 
these bodies, however, it is now strongly believed, may be 
'ultimately resolved into metallic substances.t Your surprise 
at this circumstance is not singular, as the decomposition of 
some of them, which has be«i but lately accomplished, has exci- 
led the wonder of the whole philosophical world. 

But to return to the list of simple bodies — ^these being usually 
found in combination with oxygen, I shall class them according 
to their properties when so combined. This will, I think^ fa- 
cilitate their future investigation. 

Emily. Pray what is oxygen ? ^ 

Mrs. B. A simple body ; at least one that is supposed to be 
30, as it has never been decomposed. It is always found united 
with the negative electricity. It will be one of the first of the 
elementary bodies whose properties I shall explain to you, and, 
as you will soon perceive, it is one of the most important in 
nature ; but it would be irrelevant to enter upon this subject at 
present We must now confine our attention to the enumera- 
tion and classification of the simple bodies in general. They 
may "be arranged as follows : 

CLASS I. 
Comprehending the imponderable agents^ viz. 

HEAT OR CALORIC, 

LIGHT, 

ELECTRICITY. 

• No actual discovery makf s this probable. It is supposing that all 
the gases, as oxygen, hydrogen, Uc. as well as phosphorus, sulphur, 
and carbon and several other, substances are in part composed of a 
metal, and yet not one among this number are known to have metallic 
bases. C. 

t Three of the alkalies only are known to have metallic foasetf. C. 
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CLASS II. 



Comprehending agents capable of uniting toith injtammable 
bodieSf and in most instances of effecting their combustion. 



OXYGEN, 
CHLORINE, 
IODINE.* ' 



CLASS III. 

(Umptehending . bodies capable of uniting with oxygen^ and 
forming witli it various compounds. This ^lass may he di- 
vided as follows : 

DIVISION I. 

HYDROGEN,/or»w»g^ Water. 

DIVISION 2. , 

Bodies forming acids. 
NITROGEN, . . . forming nitnc acid. 
suLPHim, . . ./orm/w^ sulphuric acid. 
PHOSPHORUS, . . forming phosphoric acid. 
CARBON, .... forming carbonic acid. 
BORAciuM, . . . forming boracic acid. 
FLUORiUM, ... . forming fluoric acid. 
MURiATiUM, . . forming muriatic acid'. 

DIVISION 3. 

Metalic bodies forming alkalies. 
POTASSIUM, . . . forming potash. 
SODIUM, . . . ^ . forming soda. 
AMMONIUM, . . . forming ammonia. 
LITHIUM, . . . . /ormiwg* lithina.t 

DIVISION 4. 

MetaUic bodies forming earths. 
CALCIUM, or meted forming Wme. 
MAGNIUM, .... forming magnesia. 
* BARIUM, ..... /ornMii^ barytes. 

* A majority of the most learned Chegiists, it is believed, haw 
doubted whether ChJoriue and Iodine were supporters of combustioD, 
any farther than they contain oxygen. C 

i This fourth alkali was discovered by Mf . AfwnOiODy a »weai«h 
chemiflt, bo recently w the year 1»18. 
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sTRONTiuw> • . . forming strontites. 
siLiciUM, .... forming silex. 
ALUMiuN, .... forming alumine. 
TTTRiuM, .... forming yttria. 
GLUciuM, .... forming glucina. 
ZIRCONIUM^ . . . ybnrn^ zirconia.* 

DIVISION 5. 

MetaUj eithernaturatty metiUHc^ or yielding their oxygen to 
cnrbon or to heat done. 



Subdivision 1. 




MaMeabk metals. 


GOLD, 


COPPER, 


PLATINA, 


IRON, 


PALLADIUM, 


LEAD, 


SILVER,t 


NICKEL, 


MERCURY,! 


ZINC, 


TIN. 


CADMIUM.^ 


Subdiv,2. 




Brittle metals. 




ARSENIC, 


ANTIMONY, 


BISMUTH, 


MANGANESE, 


TELLURIUM, 


URANIUM, 


COBALT, 


COLUMBIUM or TAN" 


TUNGSTEN, 


TALIUM, 


MOLYBDENUM, 


IRIDIUM, 


TITANIUM, 


OSMIUM, 


CHROME, 


RHODIUM, 




CERIUN.II 



♦ Of all these earths, three or four only have as yet been distinctly 
decomposed. 

t These first four metals have commonly been distinguished by the 
appellation of perfect or noble metals, on account of their possessing the 
characteristic properties of ductility, malleability, inalterability, and 
great specific gravity, in an eminent degree. 

% Mercury, in its liquid state, cannot, of course, be called a mallea- 
ble metal. But when frozen, it possesses a considerable degree of mal* 
leabilitj. 

k K metal resembling tin ; which was discovered in 1817, in an ore 
of zinc, by Mr. ^tromeyer. 

H These last four or five metallic bodies are placed under this class 
for the sake of arrangement, though'Bome of their properties have not 
)>eea yet fully investigatecl. 
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Caroline. Oh, what a formidable list f you will have much 
to do to explain it, Mrs. B. 5 for I assure you it is perfectly un- 
intelUgible to me, and I think rather perplexes than assists me. 

Mrs. B, Uo not let that alarm you, my dear 5 I hope that 
hereafter this classification will appear quite clear, and, so far 
from perplexing you, will assist you in arranging your ideas. 
It would be in vain to attempt forming a division that would 
appear perfectly clear to a beginner ; for you may easily con- 
ceive that a chemical division being necessarily founded on 
properties with which you are almost wholly unacquainted, it 
is imposssible that you should at once be able to understand its 
meaning or appreciate its utility. 

But, before we proceec) further, it will be necessary to give 
you some idea of chemical attraction, a power on which the 
whole science depends. 

Chemical Attraction, or the Attraction of Composition^ con- 
sists in the peculiar tendency which bodies of a different nature 
have to unite with each other. It is by this force that all the 
compositions, and decompositions, are effected. 

Emily. What is the difference between chemical attraction, 
and the attraction of cohesion, or of aggregation, which you of- 
ten mentioned to us, in former conversations ? 

Mrs, B. The attraction of cohesion exists only between par- 
ticles of the same nature, whether simple or compound ; thus it 
unites the particles of a piece of metal which is a simple sub- 
stance, and likewise the particles of a loaf of bread vvhich is a 
compound. The attraction of composition, on the contrary, 
unites and maintains, in a state of combination, particles of a 
dissimilar nature ; it is this power that forms each of the com- 
pound particles of which bread consists ; and it is by the attrac- 
tion of cohesion that all these particles are connected into a 
single mass. 
^ Emily. The attraction of cohesion, then, is the power which 
unites the integrant particles of a body : the attraction of com- 
position that which combines the constituent particles. Is it 
not so ? 

Mrs, B, Precisely: and observe that the attractron of cohe- 
sion unites particles of a similar nature, without changing their 
original properties; the result of such an union, therefore, is a 
body of the same kind as the particles of which it is formed; 
whilst the attraction of composition, by combining partjcles of 
a^drssimilar nature, produces compound bodies, quite different 
from any of their constituents. If for instance, I pour on the 
piece of copper, contained in this »rlass, some of this liquid 
(which is called nitric acid,) for which it has a strong attract 
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tion, every panicle of the copper will combine with a particle 
of acid, and together they will form a new body, totally differ- 
ent fi*om either the copper or the acid. 

Do you observe the internal commotion that already begins 
to take place ? It is produced by the combination of these two 
substances,* and yet the acid has in this case to overcome not 
only the resistance which the strong cohesion of the particles of 
copper opposes to their combination whh it, but also to over- 
come the weight of the copper, which makes it sink to the bot- 
tom of the glass, and prevents the acid from having such free 
access to it as it would if the metal were suspended in the li- 
quid. 

Emily, The acid seems, however, to overcome both these 
obstacles without difficulty, and appears to be very rapidly dis- 
solving the copper. 

Mrs, B, By this means it reduces the copper into more mi- 
nute parts than could possibly be done by any mechanical pow^ 
er. But as the acid can act only on the surface of the metal, it 
will be some time before the union of these two bodies will b« 
completed. 

You may, however, already see how totally different this 
compound is from either of its ingredients. It is neither colour- 
less, like the acid, nor hard, heavy, and yellow like th^ copper. 
If you tasted it, you would no longer perceive the sourness of 
the acid. It has at present the appearance of a blue liquid ; 
but when the union is Completed, and the water with which the 
acid is diluted is evaporated, the compound will assume the form 
of regular crystals of a fine blue colour, and perfectly transpar- 
ent.! Of these I can show you a specimen, as I have prepar- 
ed some for that purpose. 

Caroline, How beautiful they are, in colour, form, and trans- 
parency ! 

Emily* Nothing can be more striking than this example of 
chemical attraction. 

Mrs, JB. The term attraction has been lately introduced into 
chemistry as a substitute for the word affinity, to which some 

* This hardly explains the process. A part of the oxygen of the ni- 
tric Ticid unites with the copper ; and in consequence of this loss of ox- 
yeren, the nitric acid is converted into nitrous gas. It is the escape of 
this gas through the water as it is formed that occasions the commo- 
tion. C. 

+ These crystals are ndore easily obtained from a mixture of sulphu- 
ric with a little nitric acid 4 

% I hf^se crystals are iu/phate ofcopper^ or wtjat is commonly known 
trnder the name of blue mtrioU C. 



OF CHEMISTRY. IX 

chemists have oHjected, because it originated in the vasfue notion 
that cbernicai eombinatjons depended upon a certain resem- 
blance, or relationship, between particles that are disposed to 
unite 5 and this idea is not only imperfect, but erroneous, as it 
is generally particles of the most dissimilar nature, that hav^ 
the greatest tendency to combine. 

Caroline. Besides, there seems to be no advantage in using 
a variety of terms to express.the same meaning^ on the con- 
trary it creates conftision; and as we are well acquainted with 
the term Attraction in natural philosophy, we had better adopt 
it in chemistry likewise. 

Mrs. B. If you have a clear idea of the meaning, I shall 
leave you at liberty to express it in the terms you prefer. For 
myself, I confess that I think the word Attraction best suited 
to the general law that unites tlie integrant particles of bodies ; 
and Affinity better adapted to that which combines the constit- 
uent particles, as it may convey an idea of the preference which 
some bodies have for others, which the term attraction of com^ 
position does not so well express. 

Effuly, So I think ; for though that preference may not re- 
sult from any relationship, or similitude, between the particles 
(as you say was once supposed^,) j^et, as it really exists, it ought 
to be expressed* 

Mrs. B. Well, let it be agreed that you may use the terms 
ajlnittfy chemical attraction^ and attraction of composition^ 
indifferen%, provided you recollect that they have all the same 
meaning. . 

Emily. 1 do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of 
composing them, is very obvious ; but that it should, at the same 
time, produce exactly the contrary effect, appears to me very 
singular. 

Mrs. B. To decompose a body is, you know, to separate 
its constituent parts, whicb^ as we have just observed, cannot 
be done by mechanical means. 

Emily. No ; because mechanical means separate only the 
integrant particles ; they act merely against the attraction of co- 
hesion, and only divide a compound into smaller parts. 

Mrs. B. The decomposition of a body is performed by 
chemical powers. If you present to a body composed of two 
principles, a third, which has a greater affinity foi^ one of 
them than the two first have for each other, it will be decompo- 
sed, that is, its two principles will be separated by means of 
the third body. Let us call two ingredients, of which the body 
18 composed, A and B. If we present to it another ingredient 
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Cf which has a greater affinity, for B than that which, unites A 
and B, it necessarily follows that B will quit A to combine with 
C. The new ingredient, therefore, has effected a decomposition 
of the original body A B ; A has been left alone, and a new 
compound, B C, has been formed. 

Emily. We might, I think, use the comparison of two 
friends, who were very happy in each other's society, till a 
third disunited them by the preference which one of them gave 
to the new-comer. 

Mrs. B. Very well. I shall now show you how this takes 
place in chemistry. 

Let us suppose that we wish to decompose the compound we 
havejust formed by the combination of the two ingredientS| 
copper and nitric acid ; we may do this by presenting to it a 
piece of iron, for which the acid has a stronger attraction than 
for copper; the acid will, consequently quit the copper to com« 
bine with the iron, and the copper wiU be what the chemists call 
precipitated^ that is to say, it will be thrown down in its sepa* 
rate state, and re-appear in its simple form. 

In order to produce this effect, I shall dip the blade of this 
knife into the fluid, and, when I take it out, you will observe, 
that, instead of being wetted with a bluish liquid, like that con- 
tained in the glass, it will be covered with a thii) coat of cop- 
per. 

Caroline. So it is really ! but then is it not the copper, in- 
stead of the acid, that has combined with the iron blade ? 

Mrs, B* No ; you are deceived by appearances : it is the 
acid which combines with the iron, and, in so doing, deposits or 
precipitates the copper on the surface of the blade. 

Emily. But, cannot three or more substances combine to- 
gether, without any of them being precipitated ? 

Mrs. JB. That is sometimes the case ; but, in general, the 
stronger affinity destroys the weaker y and it seldom happens 
that the attraction of several substances for each other is so 
equally balanced as to produce such complicated compqmids.* 

Caroline. But, pray, Mrs. B., what is the cause of the chem- 
ical attraction of bodies for each other ? It appears to me more 
extraordinary ox unnatural, if I may use the expression, than 
the attraction of cohesbn, which unites particles of a similar 
nature. 

Mrs. B. Chemical attraction may, like that ef cohesion or 

* Such compounds are quite Dumrrous. They are called (riple saltr. 
Alum is one. It h composed of Alumine, potash, and sulphuric acid. 
Tartar Emetic U another. , It is composed of tartaric ^cid, potash aad 
antimony. C. 
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gravitation, be one of the powers inherent in matter, which, ior 
our present state of knowledge, admits of no other satisfactory 
explanation than an immediate reference to a divine cause. 
Sir H. Davy, l^owever, whose important discoveries have open- 
ed such improved views in chemistry, has suggested an hypo* 
thesis which may throw great light upon that science. He sup- 
poses that there are two kinds of electricity, with one or other 
of which all bodies are united. These we distinguish by the 
names of ^osi^tve and n^o^it^e electricity ; those bodies are 
disposed to combine, which possess opposite electricities, as 
they are brought together by the attraction which these electri- 
cities have for each other. But, whether this hypothesis be 
altogether founded on truth or not, it is^ impossible to question 
the great influence of electricity in chemical combinations. 

Emily. So, that we must suppose that the two electricities 
always attract each other, and thus compel the bodies in which 
they exist to combine }* 

CaroUne. And may not this be also the cause of the attrac- 
tion of cohesion ? 

Mrs. B. No, for in particles of the same nature the same 
electricities must prevail, and it is only the different or opposite 
electric fluids that attract each other. 

CaroUne. These electricities seem to me to be a kind of 
chemical spirit, which animates the particles of bodies, and 
draws them together. 

Emily. If it is known, then, with which of the electricities 
bodies are united, it can be inferred which will,' and which will 
not, combine together ? 

Mrs. B. Certainly. — I should not omit to mention, that some 
doubts have been entertained, whether electricity be really a 
material agent, or whether it might not be a power inherent in 
bodies, similar to, or perhaps identical with, attraction^ 

• There seems to be an objection to this theory as explained here. 
When two bodies, one in the p^ sitive, the other in the^egativc state of 
electricity are presented to each other, a mutual attraction takes 
pli^e, until they touch, or come within the striking distance, so 
that the electric fluid can pass from the positive to the negative body. 
When this is effected, they are said to be in a state of equilibrium, or 
in tht same etate of clrctricity, and consequently neither attract nor 
rept-l each other. If therefore, chemical attraction depends on the 
diflerirot elef^trica] bt^t<.4 of the particles, ¥[e are still at a loss how t« 
account fot their adht^sion even after they are united. The celebrated 
Kepler accounted for ihe affinity of particles by supposing each to have 
it* likingfl and iH antipathies, and the power of choosing accordiD|Iy« 
Thii theory ody wants our belief to make it satf ^factory* C, 
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Etnify. But what then would be the electric spark which is 
visible, and, must therefore be really material ? 

Mrs. B. What we call the electric spark, may, Sir H. Davy 
says, be merely the heat and light, or fire produced by the 
chemical combinations with which these phenomena are always 
connected. We will not, however, enter more fully on this 
important subject at present, but reserve the principal facts 
which relate to it to a future conversation. 

Before we part, however, I must recommend you to fix in 
your memory the names of the simple bodies against our next 
interview. 



CONVERSATION n. 

ON LIGHT AND HEAT, OR CALORIC. 



Caroline. We have learned by heart the names of all the 
simple bodies which you have enumerated, and we are now 
ready to enter on the examination of each of them successively. 
You will begin, I suppose, with light ? 

Mr^. B. Respecting the nature of light we have little more 
than conjectures. It is considered by roost philosophers as a 
real substance immediately emanating from the sun, and from 
all luminoiis bodies, from which it is projected in right lines 
with prodigious velocity. Light, however, being imponderable, 
it cannot be confined and examined by itself; and therefore it 
is to the efiects it produces on other bodies, rather than to its 
immediate nature, that we must direct our attention. 

The connection between light and heat is very obvious ; 
indeed, it is such, that it is extremely difficult to examine the 
one independently of the other. 

Bmily, But, is it possible to separate light from heat ; I 
thought they were only different degrees of the same thing, fire ? 

^r9, B. I told you that fire was not now considered as a sim- 
ple element. Whether light and heat be altogether different a- 
gents, or not, I cannot pretend to decide \ but, in many cases, light 
may be separated from heat, The first discovery of this was 
made by a celebrated Swedish chemist, Scheele. Another very 
striking illustration of the separation of heat and light was 
Jong after pointed out by Dr. Herschell. This philosopher 
discovered that these two agents were emitted in the rays of the 
^Htn, und th«it heat was less refrangible than light ; for, in sepa* 
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rating the different Coloured rays qfpight by a prism (as we did 
some time ago,^ iie found that the greatjest heat was beyond the 
spectrum^ at a little distance from the red rays, which, you may 
recollect are the least refrangible^ ' 

Emily, I should like to try that experiment. 

Mrs, B. It is by no means an easy one : the heat of a ray of 
light, refracted by a prism, is so small, that it requires a very 
delicate thermometer to distinguish the difference of the degree 
of heat within and without the spectrum. For in this experi- 
ment the heat is not totally separated from the light, each col- 
oured ray retaining a certain portion of it, though the greatest 
part is not sufficiently refracted to fall within the spectruiQ.^ 

Emily. I suppose, then, that those <;oloured rays which are 
the least refrangible, retain the greatest quantity of heat? 

Mrs. B. They do so. 

Emily. Though I no longer doubt that light and heat can 
be separated, Dr. Herschell s experiment does not appear4o 
me to afford sufficient proof that they are essentially different ; 
for light, which you call a simple body, may likewise be divi- 
ded into the various coloured rays. 

Mrs. B. No doubt there must be some difference in the va- 
rious coloured rays. Even their chemical powers are different. 
The blue rays, for instance, have the greatest effect iij ^epeL-^ 
/alifl^ o^ygeoJixiai^bodkt^a* wat-feand by-Scheele ; and there 
exist also, as Dr^ Wollaston has shown, rays more refrangible 
than the blue, which produce the same chemical effect, and, 
what is very remarkable, are invisible."*^ 

Emily. Do you think it possible that heat may be merely a 
modification of light ? 

Mrs. B. That is-a, supposition which, in the present state of 
natural philosophy, can neither be positively affirmed nor de- 
nied. Let us, therefore, instead of discussing theoretical 
points, be contented with examining what is known respecting 
the chemical effects of light. 

Light is capable of entering into a kind of transitory union 
with certain substances, and this is what has been called phos- 
phorescence. Bodies that are possessed of this property, after 
being exposed to the sun's rays, appear luminous in the dark. 
The shells of fish, the bones of land animals, marble, limestone, 

* The violet rays have the power of impartial the magnetic virtue 
to steel. The process consists in intercepting all the rays except this, 
and of throwing this, being first collected into a focus by a lens, on 
the middle of a needle, and carrying it towards the extremity. This 
is to be done many times, and always towards the same extremity. 
After a while the needle acquires polarity. C. 
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and a variety of combinations of earths, are more or less pow^ 
erfully phosphorescent. 

Caroline, I remember being much surprised last summer 
with the phosphorescent appearance of some pieces of rotten 
wood, which had just been dug out of the ground ; thny shone 
so bright that I at first supposed them to be glow-worms. 

Emily. And is not the light of a glow-worm of a phospho- 
sescent nature ? 

Mrs. B. It is a very remarkable instance of phosphorescence 
in living animals ; this property, however, is not exclusively 
possessed by the glow-worm. The insect called the lanthorn- 
ny, which is peculiar to warm climates, emits light as it Hies, 
producing in the dark a remarkably sparkling appearance. 
But it is more common to see animal matter in a dead state pos« 
sessed of a phosphorescent quality ; sea-fish is often eminently 
so.* 

Emily, I have heard that the sea has sometimes had the ap- 
pearance of being illuminated, and that the light is supposed Xm 
proceed from the spawn of fishes floating on its surface. 

Mrs, B. This light is probably owing to that or some other 
animal matter; Sea water has been observed to become lumi- 
nous from the substance of a fresh herring having been immers* 
ed in it ; and certain insects, of the Medusa kind, are known to 

^ — ••^'''»»'*»flrpo,ts. ^ 

proQuce Biiuflti^^ 



But the strongest phosphorescence is produced by cnemiciu 
compositions prepared for the purpose, the most common of 
which consists^ of oyster-shells and sulphur, and is known by 
the name of Canton's Phosphorus.t 

Emily, I am rather surprised, Mrs. B., that you should have 
said so much of the light emitted by phosphorescent bodies 
without taking any notice of that which is produced by burn- 
ing bodies. 

Mrs. B, The lig^it emitted by the latter is so intimately con- 
nected with the chemical history of combustion, that I must de- 
fer all explanation of it till we come to the examination of that 
process, which is one of the most interesting in chemical scp- 
ence. 

* The phosphorescence of dead animals is owing to the escape of 
phosphorus in the form of phosphoretled hydrogen. This is ?et free 
from its combination with the substance of the animal by the putre- 
IkctiTe fermentation- C. 

tTo prepare this, mix 3 parts of oyster shells calcined for an hour 
and pulverized with 1 part of sulphur. This is to be rammed into a 
crucible, which is to be kept at a red heat for one hour. On exposing 
•ome of this to the sun's rays, it absorbs light, and will shine in the 
^k. ThiB shows that light caa be separated irom heat. C. 
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Light IS Sill agent capable of producing various chemical 
changes. It is essential to the welfare both of the animal and 
vegetable kingdoms ; for men and plants grow pale and sickly 
if deprived of its salutary influence. It is likewise remarkable 
for its property of destroying colour, which renders it of great 
consequence in the process of bleaching. 

l&mily. Is it not singular that light, which in studying optics 
we were taught to consider as the source and origin of colours^ 
should have also the power of destroying them ? 

Caroline. It is a fact, however, that we every day experi- 
ence ; you know how it fades the colours of linens and silks. 

l&mly. Certsunly. And I recollect that endive is made to 
grow white instead of green, by being covered up so as to ex- 
clude the light. But by what means does light produce these 
effects ? 

Mrs. B. This I cannot attempt to explain to you until you 
have obtained a further knowledge of chemistry. As the chem- 
ical properties of light can be accounted for only in their refer- 
ence to compound bodies, it would be useless to detain you any 
longer on this subject ; we may therefore pass on to the exami- 
nation of heat, or caloric, with which we are somewhat better 
acquainted. < 

Hbat and Light may be always distinguished by the differ- 
ent sensations they produce. Light affects the sense of sight ; 
Caloric that of feeling; the one produces Vtsiorij the other the 
sensation of Heat. 

Caloric is found to exist in a variety of forms or modifica- 
tions, and I think it will be best to consider it under the two fol- 
loinng heads, viz. 

1. FREE OR RAPIANT CALORIC. 

2. COMBINED CALORIC. 

The first, free or radiant caloric, is also called heat 
OF temperature; it comprehends all heat which is percepti- 
ble to the senses, and affects the thermometer. 

Emily. You mean such as the heat of the sun, of fire, of 
candles, of stoves; in short, of every thing that bums? 

Mrs. B. And likewise of things that do not bum, as, for in- 
stance, the warmth of the body ; in a word, all heat that is 
tensihle^ whatever may be its degree, or the source from which 
it is derived. 

Caroline. What then are the other modifications of caloric ? 
It must be a strange kind of heat that cannot be perceived by 
eur senses. 

3* 
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Mrs. B, None of the modificntidns o^ ealoH<i should pro p« 
-crly be called heat j for heat, strictly speaking, is the sensation 
produced by caloric, on animated bodies ; this word, therefore, 
in the accurate language of science, should be confined to ex- 
press the sensation. But custom has adapted it likewise, to in- 
animate matter, and we say tke heat of an oven, the heat of 
the 9un, without any reference to the sensation which they are 
capable of exciting. 

It was in order to avoid the confusion, which arose from thus 
Confounding the cause and effect, that modern chemists adopted 
the new word caloric, to denote the principle which produces 
heat 5 yet they do not always, in compliance with their own 
language, limit the word heat to the expression of the sensa- 
tion, since they still frequently employ it in reference to the oth- 
er modifications of caloric which are quite independent of sen- 
sation. ♦ 

Caroline, But you have not yet explained to us what these 
•ther modifications of caloric are. 

Mrs, B, Because you are not acquainted with the properties 
•f free caloric, and you know that we have agreed to proceed 
with regularity. 

One of the most remarkable properties of free caloric is its 
power of dilating bodies. This fluid is so extremely Subtle, 
that it enters and pervades all bodies whatever, forces itself be- 
tween their particles, and not only separates them, but fre- 
quently drives them asunder to a considerable distance from 
each other. It is thus that caloric dilates or expands a body so 
as to make it occupy a greater space than it did before. 

Emily. The effect it has on bodies, 'therefore, is directly 
contrary to that of the attraction of cohesion ; the one draws 
the particles together, the other drives them asunder. 

Mrs, B. Precisely. There is a continual struggle between 
the attraction of aggregation, and the expansive power of calo- 
ric 5 and from the action of these two opposite forces, result all 
the various forms of matter, or degrees of consistence, from the 
solid to the liquid and aeriform state. And accordingly we find 
that most bodies are capable of passing from one of these forms 
to the other, merely in consequence of their receiving different 
quantities of caloric. 

* If I toach a body at a higher temperature than my band. I imme- 
diately receive a quantity of caloric from it, and at the same instant 
feel th( sensation called heat. The caloric then is the cause of this 
•eatatiof}, and heat the effoct of caloric passing into my hand. C, 
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Caroline. That is very curious ; but I think I uncle'staiid 
the reason of it. If a great quantity of caloric is added to a 
. solid body, it introduces itself between the particles in such a 
manner as to overcome, in a considerable degree, the attraction 
of cohesion ; and the body, from a solid, is then converted into 
a fluid. 

Mrs. B, This is the case whenever a body is fused or melted; 
but if you add caloric to a liquid, can you tell me what is the 
consequence ? 

Caroline. The caloric forces itself in greater abundance be- 
tween the particles of the fluid, and drives them to such a dis* 
tance from each other, that their attraction of aggregation is 
wholly destroyed : the liquid is then transformed into vapour. 
Mr8, B, Very well ; and this is precisely the case with 
boiling water, when it is converted into steam or vapour^ and 
with adl bodies that assume an aeriform state. 

Emly, 1 do not well understand the word aeriform ? 
Mrs, B. Any elastic fluid whatever ; whether it be merely 
vapour or permanent air^ is failed aeriform. 

But each of these variousrotes, solid, liquid, and aeriform, 
admit of many difierent degrees of density, or consistence, still 
arising (chiefly at least) from the diflerent qutnti|ies of caloric 
the b^ies contain^ Solids are of various degrees of densi^, 
from that of gold, to that of a thin jelly. Liquids, from 
the consistence of melted glue, or melted metals, to that of 
ether, which is the lightest of all Hquids. The diflerent elas- 
tic fluids (with which you are not yet acquainted) are sus- 
ceptible of no less variety in their degrees pf densi^. 

EmUy, But does not every individual body also admit of 
difierent degress of consistence, without changing its state ? 

Mrs, B. Undoubtedly ; and this I can immediately show 
you by a very simple experiment. This piece of iron now ex- 
actly fits the frame, or ring, made to receive it ; but if heated 
red hot, it will no longer do so, for its dimensions will be so 
much increased by the caloric that has penetrated into it, that 
It will be much too large for the fra )ie. 

The iron is now red hot ; by applying it to the frame, we 
shall see how much it is dilated. 

Emily. Considerably so indeed J I knew that heat had this 
efiect on bodies, but I did not imagine that it could be made 
80 conspicuous. 

Mrs, B. By means of this instrument (called a Pyrometer) 
we may estimate, in the most exact manner, the various dilata- 
tions of any solid body by heat. The body we are now going 
to submit to trial is this small iron bar ; I fix it to this appara- 
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tus, (Plate I. Fig. 1.) and then heat tt by lighting the three 
lamps beneath it : when the bar expands, it increases in length 
as well as thickness ; and, as one end communicates with this 
wheel- work, whilst the other end is fixed and immoveable, no 
sooner does it begin to dilate than it presses against the wheel- 
iifork, and sets in motion the index, which points out the de- 
grees of dilatation on the dial-plate. 

Emily. This is, indeed, a very curious instrument ; but I do 
not understand the use of the wheels : would it not be more 
simple, and answer the purpose equally well, if the bar in dila^ 
ting, pressed against the index, and put it in motion without the 
intervention of the wheels } 

Mrs, B. The use of the wheels is merely to multiply the mo- 
tion, and therefore render the efiect of the caloric more obvious ; 
for if the index moved no more than the bar increased in length, 
its motion would scaicely be perceptible; but by means of the 
wheels it moves in a much greater proportion, which therefore 
renders the variations far more conspicuous. 

By submitting different bodte^^the test of the pyrometer, it 
is found that they are far from dKting in the same proportion. 
Different metals expand in different degrees, and other kinds of 
solid bodies grar^ still more in this respect. But thb different 
susceptibility of dilation is still more remarkable in fluids than 
in solid bodies, as I shall show you. I have here two glass 
tubes, terminated at one end by large bulbs. We sliall fill the 
bulbs, the one with spirit of wine, the other with water. I 
have coloured both liquids, in order that the effect may be more 
conspicuous. The spirit of wine, you see, dilates by the 
warmth of my hand as I hold the bulb.* 

Emily. It certainly does, for I see it b rising into the tube. 
But water, it seems, is not so easily affected by heat ; for scarce- 
ly any change is produced on it by the warmth of the hand. 

Mrs. B. True ; we shall now plunge the bulbs into hot water, 
(Plate I. Fig. 2.) and you will see both liquids rise in the 
tubes ; but the spirit of wine will ascend highest. 

Caroline. How rapidly it expands ! Now it has nearly reach- 
ed the top of the tube, though the water has hardly begun to 
rise. 

Emily. The water now begins to dilate. Are not these glass 
tubes, with liquids rising within them, very like thermometers ? 

* Id the absence of glass tubes tenninated by bulbs, procure a pair 
of tin canniflters, 3 inches higtj and 2 wide, soldered up all round. In 
the middle of the top of each, have inserted a circular tin spout, and in- 
to these cement glass tubes about J 2 inches high. These will answer 
every purpose. C. 
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Afr«. B. A thermometer is constructed exactly on tlie same 
principle, and these tubes require only a scale to answer the 
purpose of thermometers : but they would be rather awkward 
in their dimensions. The^ tubes and bulbs of thermometers, 
though of various sizes, are in general much smaller than these ; 
the tube too is hermetically* closed, and the air excluded from 
it. The fluid most generally used in thermometers is mercury, 
commonly called quicksilver, the dilatations and contractions of 
which correspond more exactly to the additions, and subtrac- 
tions, of caloric, than those of any other fluid. 

Cctroline. Yet I have often seen coloured spirit of wine used 
in thermometers. 

Mrs, JB. The expansions and contractions of that liquid are 
not quite so uniform as those of mercury ; but in cases in which 
it is hot req^uisite to ascertain the temperature with great pre- 
cision, spirit of wine will answer the purpose equally well, and 
indeed in some respects better, as the expansion of the latter is 
greater, and therefore more conspicuous. This fluid is used 
Itk^nose in situations and experiments in which mercury would 
be frozen ; for mercury becomes a solid body, like a piece of 
lead or any other metal, at a certain degree of cold 5 but no 
degree of cold has ever been known to freeze spirit of wine.t 

A thermometer, therefore, consists of a tube with a bulb, 

such as you see here, containing a fluid whose degrees of dila- 

' - *' '• -^r — -^.r* *'^ which the 
niuon anu couiittcuun are imdicated Dy a SCaii: w — 

tube is fixed. The degree which indicates the boiling pointy 

simply means that, when the fluid is sufiiciently dilated to rise 

to this point, the heat is such that water exposed, to the same 

temperature will boil. When, on the other hand, the fluid is 

so much condensed as to sink to the freezing point, we know 

that water will freeze at that temperature. The extreme points 

of the scales are oot the same in all thermometers, nor are the 

degrees always divided in the same manner. In different 

countries philosophers have chosen to adopt diff*erent scales 

and divisions. The two thermometers most used are those of 

Fahrenheit, and of Reaumur ; the first is generally preferred 

by the English, the latter by the French. 

Emily. The variety of scale must be very inconvenient, and 

* The tube is closed by holding the end over a spirit lamp until the 
glass is melted. This word is derived from Hermes^ the Greek name 
lor Mercury. He is said to have been the inventer of chemistry ; 
hence this is sometimes called the Hermetic art^ and hermetically, or 
chemically closed, is closed by heat or melting. C. 

t Spii it of wine is stated to have been frozen in England by fome 
process which the author has preferred to keep secret* C. 
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1 should think liable to occasion confusion^ when French and 
English experiments are compared* 

Mrs. B, The inconvenience is but very trifling, because the 
different gradations of the scales do not affect the principle up- 
on which thermometers are constructed. When we know, for 
instance, that Fahrenheit's scale is divided into 212 degrees, 
in which 32" corresponds with the freezing point, and 212«> 
with the point of boiling water; and that Reaumur's is divided 
only into 80 degrees, in which 0° denotes the freezing point, 
and 80o that of boiling water, it is easy to compare the two 
scales together, and reduce the one into the other. But, for 
greater convenience, thermometers are sometimes constructed 
with both these scales, one on either side of the tube ; so that 
the correspondence of the different degrees of the two scales is 
thus instantly seen. Here is one of these scales, (Plate II. 
Fig. 1.) by which you can at once perceive that each degree of 
Reaumur's corresponds to 2 1-4 of Fahrenheit's division. But 
I believe the French have, of late, given the preference to what 
they call the centigrade scale, in which the space between the 
freezing and the boiling point is divided into 100 degrees. 

Caroline, That seems to me the most reasonable division, 
and I cannot guess why the freezing point is called 32% or 
what advantage is derived from it. 

Mrs. B, There really is no advantage in it 5 and it origin^- 
ied in a j^/istaken opinion of the instrument-maker, Fahrenheit, 
who first constructed these thermometers. He mixed snow and 
salt together, and produced by that means a degree of cold 
which he concluded was the greatest possible, and therefore 
made his scale begin from that point. Between that and boil- 
ing water he made 212 degrees, and the freezing point was 
found to be at 32o. 

Emily, Are spirit of wine, and mercury, the only liquids 
used in the construction of thermometers ? 

Mrs. B, I believe they are the only liquids now in use, though 
some others, such as linseed oil, would make tolerable thermom- 
eters : but for experiments in which a very quick and delicate 
test of the changes of temperature is required, air is (he fluid 
sometimes employed. Tlie bulb of ahr thermometers is filled 
with common air only, and its expansion and contraction are# 
indicated by a small drop of any coloured liquor, which is sus- 
pended within the tube, and moves up and down, according as 
the air within the bulb and tube expands or contracts. But in 
general, air thermometers, however sensible to changes of tern* 
perature, are by no means accurate in their indications. 

I can, however, show you an air thermometer of a very pe- 



PLATE J£. 



TlIEnMOMErHR . 










Sf^iiiw /^inf 



Tfifrmomettr. 



^^^^ 



r 







r 



TREE CALORIC* 23 

ouiiar construction, which is remarkably well adapted for some 
chemical experiments, as it is equally delicate and accurate in 
its indications. * 

Caroline. It looks like a double thermometer reversed, die 
tube being bent, and having a large bulb at each of its extremi- 
ties. (Plate 11. Fig. 2*) 

Emuy. Why do you call it an air thermometer ; the tube 
contains a coloured liquid ? 

Mrs. b^ But observe that the bulbs are filled with air, the li- 
quid being confined to a portion of the tube, and answering on- 
ly the purpose of showing, by its motion in the tube, the com- 
parative dilatation or contraction of the air within the bulbs, 
which afford an indication of their relative temperature. Thus 
if you heat the bulb A, by the warmth of your hand, the duid 
will rise towards the bulb B, and the contrary will happen if 
you reverse the experiment. 

But if, on the contrary, both tubes are of the same tempera- 
ture, as is the case now, the coloured liquid, suffering an equal 
pressure on each side, no change of level takes place. 

Caroline. This instrument appears, indeed, uncommonly 
delicate. The fluid is set in motion by the mere approach of 
my hand. 

Mrs. B. You must observe, however, that this thermometer 
cannot indicate the temperature of any particular body, or of 
the medium in which it is immersed ; it serves only to point 
out the difference of temperature between the two bulbs, when 
placed under different circumstances. For this reason it has 
been called differential thermometer. You will see hereafter 
to what particular purposes this instrument applies. 

Emily. But do common thermometers .indicate the exact . 
quantity of caloric contained either in the atmosphere, or in any 
body with which they are in contact ?t 

♦ Students in chemistry may amuse themselves with air thermome- 
ters of tbeir onru construction. Procure a fiat via], or inkstand with 
a wide mouth ; also a broken thermometer tube, the bulb being entire. 
Fit a cork air tight to the vial, and pierce it in the middle with a hot 
iron to admit the tube Fill the vial about half' full of some coloured 
liquid. Warm the bulb of the tube by holding it in the hand, and in 
this state introduce the small end through the cork nearly to the bot- 
tom of the vial. The hand being removed f*'om the bulb, the fluid • 
will rise in the tube. The fluid will afterwards rise or fall as heat is 
applied to the vial or bulb. C. 

t The thermometer indicates the exact quantity of free caloric pres- 
ent at the time and place of the experiment. Thus if a certain quantity 
of beat is required to raise the mercury 20^, double this quantity win 
raise it to 40o. AU bodies contain a quantity of heat not appreciable 
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Mr9. B. No ; first, because there are other modifications of 
caloric which do not affect the thermometer ; and, secondly, 
because the temperature of a body,- as indicated by the ther^ 
mometer, is only relative. When, for instance, the thermome- 
ter remains stationary at the freezing point, we know that the 
atmosphere (or medium in which it is placed, whatever it may 
be) is as cold as freezing water ; and when it stands at the boil- 
ing 'point, we know that this medium is as hot as boiling w^ter ; 
but we do not know the positive quantity of heat contained either 
in freezing or boiling water, any more than we know the real ex- 
tremes of heat and cold ; and consequently we cannot deter- 
mine that of the body in which the thermometer is placed. 

Caroline. I do not quite understand this explanation. 

Mrg. h* Let us compare a thermometer to a well, in which 
the water rises to different heights, according as it is more or 
less supplied by the spring which feeds it ; if the depth of the 
well is unfathomable, it must be impossible to know the abso- 
lute quantity of water it contsuns ; yet we can with the greatest 
accuracy measure the number of feet the water has risen or 
fallen in the well at any time, and consequently know the pre- 
cise quantiiy of its increase or diminution, without having the 
least knowledge of the whole quantity of water it contains.^ 

Caroline. Now I comprehend it very well ; nothing appears 
to me to explain a thing so clearly as a comparison. 

Emily. But will thermometers bear any degree of heat ? 
Mrs. B. No 5 for if the temperature were much above the 
highest degree marked on the scale of the thermometer, the 
mercury would burst the tube in an attempt to ascend. And at 
any rate, no thermometer can be applied to temperatures high- 
er than the boiling point of the liquid used in its construction, 
for the steam, on the liquid beginning to boil, would burst the 
tube. In furnaces, or whenever any very high temperature is 
to be measured, a pyrometer, invented by Wedgwood, is used 
for that purpose. It is made of a certain composition of baked 

by the thermometer, or sensible to the touch. This is called Jixed or 
kitem heat. This can sometimes be set fiee, as when we hammer a 
piece of cold iron it becomes hot. Thus the latent caloric is squeezed 
out of the iron by the contraction of its pores under the hammer, and it 
then becomes/rcc caloric. C. 

* This passage may be expounded as follows. The unfathomable 
depth of the well signifies the absolute quantity of caloric, and which 
the thermometer does not measure ; because all bodies however cold, 
still contain caloric. Thus mercury freezes at 40° below zero, but 
still contains caloric, and so on. The rising and falling of the water 
signifies the greater or lefis quantity of Aree caloric as indieated by the 
tiiermometer. C. 
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^lay, wiktch has the peculiar prdpeny of contfaeti^ by fieal^ &• 
that the tiegree'ofxodtraction c^ this sidistttace indkates ihe 
temperature to which it has been exposed. 

Emiljf: Bat iis k possible for a body to eoQCraict by hei^ ?. J 
thought that lieat dilated alt bodies whatever/ y 

J^. /if. This is not aii exception to the rule. You iBtiirtT9- 
eoliect that the bulk of the clay is not compeared) whStt hot, 
^m^ that which it has when cold ; but it iai from the clraiige 
which the clay has undergone by having hem heated that tSe 
indications of this instrtimettt ^re d^ved. This change con* 
sists in a beginning ifiision which tends to unke the partickB 
of day more closely, thus rendering It less pervious or spoo^ 

&* \ 

Clay is to be considered as a spongy body, abouodtng.in io* 

te^tices or pores/lrotn i^ having contained water when soft. 
These interstices are by heat lessened, and Would by extreAie 
Heat be entirely obliterated. ' ^ 

Caroline. And liow do you ascertain the degrera^ of ccMstrae- 
tion of WfedgwoOdV pyrometer ? 

Mrs, B: The dimensions of the piece of day arc measured by 
a scale graduated dn the side of a tapered gpoove^ formed in a 
bras^ ruler 5 the more the clay is contracted by the beat, ^ 
further it wilf descend into the narrow part of the lobe. 

6efOre we quit the subject df expansion^ I must observe to 
5'ou that, as liquids expand more readily dian solids, so diastic 
Suids, whether air or vapour, are the most expansible of all -bod- 
ies. ' '• ' ' ■ *■'',' 

It may appear extmordinary that all ekstk fidids whatever, 
' undergo the sai^e degree of expansion from eqaal: augmenlar 
tions of temperatm^. 

Emily. I suppose, then, that all elastic fiuicb «Feof the aafike 
density? ... 

Mrs.B. Very far from it ; they vary in densky, more ^mm 
ckher liquids or solids. The uniformity of their expansibility^ 
which at first may appear singular, is, however, readily accoun* 
ted /or. For if the difTerent susceptibilkies of expansion of 
bodies arise from their various degrees of attraction of cohe- 
sion, no «ueh difi^rence can be expected in elastic duids, since 
in these the attraction of cohesion does not exist, their particles 
being on the contrary possessed of an elastic or repubive pow- 

• According to the calculations of Sausfure, the tempetature nftcejwa- 
tj to melt tlus clay is 1575o Wcidgwood, which ii a degree of heat 
greatly heyond our cprnmoa furQaces. It is therefore most probable 
that the clay contracts at lower temperJEitures by the loss of moit- 
tttre# C. 

4 ■ 
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er ; they wi&th^r^toe aU be eqcraJly expanded hy^ eqoa! de- 
grees of caloric. 

Emily. True^ as these is no power opposed to HAe expaa- 
iuve force of caloric In Castle bodies, its effect my st be the same 
in all of the«. 

Mre. B. Let us now^ proceed to examine the other properties 
of free calorie. ^ , 

■*- Free caloric always tends to diffuse itself equally, that is to 
say, when two-bodles are of different temperatures, the warm- 
er ^athiaHy parts wHh its- heat to the colder, till they are' both 
brought to the same temperature. Thus, when a thermometer 
l^applied toa hot body, it receives caloric f when to a cold one| 
it communicates part of its own caloric,- and tfa^scom^muntca* 
lion continues until the thermometer and (he body arrive at tte 
same temperature. ^ ' 

Emily. GoW, then, is nothing but a negative quality, simply 
implying the absence «f heat* - 

Mrs. 3. Ncit the total absence, but a diminution of heat^ 
lor we know of no body m whkh 3ome caloric may not be diii- 
covered. - . - 

Caroline. But>when I lay my hand on this marble table, I 
#el H positively coldy and caflnol^onceive that there is any 
caloric in it. 

Mrs. B. Thecold )?ou experi^ceconsiste in the loss of calo- 
rie that your hand^ sustains in an attempt to bring ks tempera- 
ture to an equiltbrium with the mari)le. \li you lay a piece of 
ice upon it, you' will find that the contrary effect ifHll take 
place ; the ice will be melted by the heat it abstracts from the 
marble. 

Caroline. Is it not in this case the air of the room, which 
lieing warmer than the marble, melts the ice ? 

Mrs. B. The air certainly acts oQ the svHace which is ex- 
posed to it, but the table melts tlwt part with which it is in 
^contact. 

Caroline. But why does caloric tend to an equilibrium? It 
cannot be on the same principle as^her fluids, since it has no 
weight ? 

Mrs, B, Very true, Caroline, that is an excellent objection. 
You might also, with some propriety, object to the term eqtd' 
/tdrti^m-being applied to a i)ody that is without weight \ but I 
know of no expression that would explain my meaning so welK 
Too must consider it, however, in a figurative rather than a 
Iheral sense : its strict meaning is an equai diffusion. We 
^annot, indeed, well say by-wh^t power it diffuses itself equally, 
though it is not surprising that it should go from the part^ 
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t&hicir have the most to those nrhieh hav&th6 lawt. This sab*» 
ject is best explained foy a theory si)ggested by Profe^or Prc- 
vost of (jteaeva, which is imw, I believe, generally adopted. 

Accorditig^ tA this 'theory, -calorie i^ contposed of particles 
perfectly separate from each olher, everyone of which moves 
witha. rapid velocity in a certain tfirection* These directions 
vary as much as imagination can conceive, the result of which 
is, that there are rays^or lines of these particles moving with 
hnmense velocity in evei^ possible diFeetion. Caloricis thus 
tmiverssiUy diffused, so that whe» any portton-of space hap- 
pens to be in the^ neighbourhood of another, whidi contains 
Biore caloric, the colder portion receives a q^iaiitily of ealorifie 
rays from the latter, sufficient to restore an i^uilibriam of tern* 
peratufe. This rsMoliatioa <bes not only take f^ace in free 
space, but extends also to bodies of every kind.* Thus yoa 
may suppose all bodies whatever censmntly radiating caloric : 
those ^at are of the same temperature give out and absorb 
equal quantities^ sathat no variation of temperature is produced 
in them ;*but when one=hody contahis more free caloric tlan 
another, the exchange is always in favour of the colder body^ 
until an equilibrium is eff^ted ; this* you founds to^ the case 
.when the marble table cooled your hand, and again wben^ it 
loelied the ice. 

CcBrcime* This reciprocal radiatidn surprises^ n^ extremely ; 
I thought, from what you first said, thai the holtor bodies alone 
eralttedrays of tjaleric which were abs(»rbed by the adder; 
fer it seems unnaturahhat a^ hot body should receive ai^y calor- 
ic from B c^^xm^j even though it should return a greater quanr 
tity. 

Mrs. B* It may at first appear so, but it is no more extraor- 
dinary than that a candle should send forth rays of liglit to the 
sun, which, you know, must necessarily happen. 

Caroline.' Wel^, Mrs. B—,1 believe that I roust give tip the 
point. Bat I wish I could «8e these rays of caloric; i should 
then have'grcsiter tui thin them. 

JWr». /?. Will yoH give no credit to any sense but that of 
sight ? You may feel the rays of caloric which you receive 
from any body of a-temperdtu^ higher than yOur own ; the 
loss of the caloric you part with in return, it is true, is not per- 
ceptible ; for as you gain more than you lose, Instead of sufTep- 
ing a diminution, you are really making an acquisition of calo- 

■* This irtrue when applied to inanimate matter. But if a live ani- 
mal is expoied to a degree nf heat above the temperature of its own 
body, it has the power^f resistaoce ; a^wi though the heat be 100 de- 
grees above that of the animal, it scarcely affects its temperature. C. 
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m. It is, therefore, only when yoa are parting with it tou 
body of a lower temperature, that you are sensible of the seor 
satidn of cold, because you then sustain an absolute loss of c»* 
loric. 

Emily . And in this case we cannot be sensible of the small 
quantity of heat we receive in exchange from the colder body, 
because it serves only to diminish the loss. 

Mrs. B, Very well, indeed, Emily. Professor Pictet, of 
Geneva, has made some very interesting experiments, which 
prove not only that caloric radiates from all bodies whatever^ 
but that these rays may be reflected, according to the laws of 
optics, in the same manner as light. I shall repeat these ex- 
periments before yoii, having procured mirrors** fit for the pur- 
pose ; and it will afford us an opportunity of using the differen- 
tial thermometer, which is particularly well adapted for these 
experiments. — I place an iron buUet, (Plate III. Fig. 1.) 
about two inches in diameter, and heated to a degree not suffi- 
cient to render it luminous, in the focus of this large metalUc 
concave mirror. The rays of heat which fall on this mirror . 
are reflected, agreeably to the property of concave mirrors, in 
a parallel dire^ton, so as to fall on a similar mirror, which, 
you see, is placed opposite to the first, at the distance of about 
ten feet; thence the rays (Converge to the focus of the second 
mirror, in which I place one of the bulbs of this . thermometer. 
Now, observe in what manner it is affected by the caloric which 
is reflected on it Iromtlie heated buUet.-^The air is dilated in 
the bulb which we placed in the focus of the mirror, and the 
liquor rises considerably in the opposite leg. 

Emify. But would not the same effect take place, if the rays 
of caloric from the heated bullet fell directly on the thef- 
mouKter, without the assistance of the mirrors? 

Mrs. B. The effect would in that case be so trifling, at the 
distance at which the bullet and the thermometer are from each 
other, that it would be almost imperceptible. The mirrors, 
you know, greatly increase the effect, by collecting a large 
quantity of rays into a focus ; place your hand in the focus of 
the mirror, and you will find it much hotter there than when 
you remove it nearer to the bullet. 

£m%. That is very true ; it appears extremely singular to 

* Mirron made of coinmoQ tinned iron show tliis experiment very 
Well. Tbey may be 10 or 12 inches in diameter, and about 2 inches 
deep. They must be planished with a hammer having a convex face, 
and afterwards polished with a piece of buckskin, and a little whi* 
ting. C. 



kel the heat dimiiiish in approaching the body from irhich it 
proceeds.* 

CaroUne. And the mirror which produces so much^ heat, by 
converging the rays, is itself quite cold. 

Mrs. B. The same number of rays that are dispersed over 
the surface of the mirror are collected by it into the focus j 
but if you consider how large a surface the mirror presents to 
the rays, and, consequently, how much they are diffused in 
comparison to what they are at the focus, which is little more 
than a point, I think you can no longer wonder that the focus 
should be so much hotter than the mirror. 

The principal use of the mirror in this experiment is, to 
prove that the calorific emanation is reflected in the same man- 
ner as light. 

Caroline. And the result, I think, is very conclusive. 

Mrs. B. The experiment may be repeated with a wax taper 
instead of the bullet, with a view of separating the light from 
the caloric. For this purpose a transparent plate of glass must 
be interposed between the mirrors ; for light, you know, passes 
with great facility through glass, whilst the transmission of cal- 
oric is almost wholly impeded by it. We shall find, however, 
in this experiment, that some few of the calorific rays pass 
through the glass together with the light, as the thermometer 
rises a little ; but, as soon as the glass ]s removed, and a free 
passage left to the caloric, it will rise considerably .hiirher. 

Emily. This experiment, as well as that of Dr. HerschelFs, 
proves that light and heat may be separated ; for in the latter 
experiment the separation was not perfect, any more than in 
Uiat of Mr. Pictet. 

Caroline. I should like to repeat this experiment, with the 
difference of substituting a cold body instead of a hot one, to 
«ee whether cold would not be reflected as well as heat. 

Mrs. B. That experiment wns proposed to Mr. Pictet by an 
incredulous philosopher like yourself, and he imme^liately tried 
it by substituting a piece of ice in the place of the heated bullet. 

Caroline, Well, Mrs. B., and what was the result ? 

Mrv. B. That we shall see 5 I have procured some ice for 
the purpose. 

Emilif. The thermometer falls considerably ! 

Carbine. And does not that prove that cold is not merely a 
negative quality, ipaplying simply an inferior degree of heat ? 
The cold must be positive^ since it is capable of reflection. 

Mrs. B. So it at first appeared to iMr. Pictet ; but upon a 
little consideration he found that it afforded only an additional 

4* 
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proof of the reflection of h«at : thb Isball endeavour to exptaii) 
to you. 

According to Mr. Prevost^s theory, we suppose that all bo- 
dies whatever radiate caloric ; the thermometer used in these 
experiments therefore emits calorific rays in the same manner as 
any other substance. When its teiSbperature is in equiRbriuoi 
With that of the surrounding bodies, it receives as much caloric 
as it parb with, Oahd no change 6f temperature is produced. 
But when we introduce a body of a lower temperature, such a^ 
a piece of ice, which parts with lej^ caloric than it receives, 
die consequence is, that its tetioperature is raised,^ whilst that df 
the surrounding bodies is proportionally lowered. 

Emily. Iff for instance, I was to bring a large piece of ke 
^ioto this room, the ice would in time be melted, by absorbing 
caloric from the general radiation which is going on throughout 
fte room ; and as it would contribute very little caloric in re- 
turn for what is absorbed, the room would necessarily be cool- 
ed by it. 

Mrs. B. Just so ; and as in consequence of the mirrors, a 
inore considerable exchange of rays takes place between the 
ke and the thermometer, than between these and any of the 
soirrounding bodies, the temperature of the thermometer must 
he more lowered than that of any other adjacent object. 

Caroline. 1 confess I do not perfectly understand your ex- 
planation. 

Mrs. B. This experiment is exactly similar to that made with 
the heated bullet : for, if we consider the thermometer as the 
hot body (which it certainly is in comparison to the ice,^ you 
may then easily understand that it is by the loss of the calorific 
ra^s whkh the thermometer sends to the ice, and not by any 
cold rays received from it, that the fall of the mercury is oc- 
casioned : for the ice, far from emitting rays of cold, sends 
forth rays of caloric, which diJiinish the loss sustained by the 
thermometer* 

Let us say, for instance, that the radiation of the thermome- 
ter towards the ice is equal to 20, and that of the ice towards 
the thermometer to 10 : the exchange in favour of the ice is as 
20 is to 10, or the thermometer absolutely loses 10, whilst the 
ice gains 10. 

Caroline. But if the ice actually sends rays of caloric to the 
thermometer, must not the latter rail still lower when the ice is 
removed ? 

Mn. Bo No ; for the space which the ice occupied, admits 
tays from all the surrounding bodies to pass through it ; and 
those being of the same temperaturt as the thermometeri will 
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not affect it^ because as much beat nowretqinris to tbe^bermonio 
eter as radiates from it. 

Carolim. I must confess tbat you hare explained this in so 
satisfactoiy a manner, that I cannpt help being convinced now 
that cold has no real claim to the rank of a positive being. 

Mrs. Bl Before I conclude the subject of radiation I must 
^iserve to you, that different bodies (or rather sur(iBu:es) possesa 
ne power of nidiating caloric in very different degrees/ 

Some curious experiments have been made by Mr. Leslie on 
diis subject, and it was for this purpose that he invented the 
differential thermometer ; with its assistance he ascertained that 
black surfaces radiate most, glass next, mid polished surfoces 
the least of all. * 

Emily, Supposing these surfaces, of course, to be all of the 
same temperature. . 

Undoubtedly. I will now show you the very simple and 
ingenious apparatus, by means of which he made these experi- 
ments. This cubical tin vessel, or canister, has each of its 
sides externally covered with different materials ; the one is 
simply blackened ; the next is covered whh white paper ; the 
third with a pane of glass, and |n the fourth the polished tin 
surface remains uncovered. We shall fill this vessel with hot 
water, so that there can be no doubt but that all its sides will be 
of the same temperature. Now let us place it in the focus of 
one of the n^irrors, making each of its sides front it in succes- 
sion. We shall begin with the black surface.* 

Caroline. It makes the thermometer which is in the focus of 
the other mirror rise considerably. — Let us turn the paper sur- 
face towards the mirror. The thermometer falls a little, there- 
fore of course this side cannot emit or radiate so much caloric 
as the blackened side. 

Emily. This is very surprbing ; for the sides are exactly of 
the same size, and roust be of the same temperature. But let 
us try the glass surface. 

Mrs. B. The thermometer continues falling, and with the 
plain surlace it falls still lower; these two surfaces therefore 
radiate less and less. 

Caroline* I think I have found out the reason of this. 

Mrs. B. I should be very happy to hear it, for it has not yet 
(to my knowledge) been accounted for. 

♦ Th« radiating power of dijQTef ent surfaces may be shown thus. Take 
a common half pint tin cup, scour one side bright, and paint or smoK^ 
the other black. Place this in the focus of the mirror, and the tbenno- 
aieter wiU rife or fall as its sides are changed. U. 
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Caroline, The ^ater within the vessel gradually cools, and 
the thermometer in consequence gradually falls. 

Mrs. B. It is true that the water cools, but certainly in much 
less proportion than the thermometer descends, as you will per' 
ceive if you now change the tip surface for the black one. 

Caroline. I was mistaken certainly, for the thermometer ri- 
ses again now that the black surface fronts the mirror. 

Mrs. B. Arid yet the water in the vessel is still cooling^ 
Caroline. 

Emily. I am surprised that the tin surface should radiate the 
least caloric, for a metallic vessel filled with hot water, a silver 
tea-pot, for instance, feels much hotter to the h^nd than one of 
black earthenware, 

Mrs. B. That is owing to the different power which various 
bodies possess for conducting caloric, a property which we 
shall presently examine. Thus, although a 'metallic vessel 
feels warmer to the hand, a vessel of this kind is known to 
preserve the heat of the liquid within, better than one of any* 
other materials ; it is for this reason that silver tea-pots make 
better tea than those of earthen ware. 

Emily. According to these experiments, light-coloured dress- 
es, in cold weather, should keep us warmer than black clothes, 
since tte latter radiatei so much more than the former. 

Mrs. B. And that is actually the case. 

Emily. This property, of different surfaces to radiate in dif- 
ferent degrees, appears to me to be at variance with the equilib- 
rium of caloric ; since it would imply that those bodies which ' 
radiate most, must ultimately become coldest. 

Suppose that we were to vary this experiment, by using two 
metallic vessels full of boiling water, the one blackened, the 
other not ; would not the black one cool the first ? 

Caroline, True; but when they were both brought down to 
the temperature of the room, the interchange of caloric between 
the canisters and the other bodies of the room being then equal, 
-their temperatures would remain the same. 

Emily. I do not see why that should be the case ; for if dif- 
ferent surfaces of the same temperature radiate in different de- 
grees when heated, why should they not continue to do so when 
cooled down to the temperature of the room ? 

Mrs. B. You have started a difficulty, Emily, which cer- 
tainly requires explanation. It is found by experiment, that 
the power of absorption corresponds with and is proportional 
to that of radiation ; so that under equal temperatures, bodies 
compensate for the greater loss they sustain in consequence of 
their greater radiation by their greater absorption ; so that if 
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you were to make your expennaenf in an atnipspbere heated 
like the canistei's, tp the temperature of boiling water, though 
it is true that the canisters would radiate in different degrees, no. 
change of teniperature would be produced in them, because 
ihey would each absorb caloric in proportion to their respective 
radiation. 

' Emily* But would not the canistors of boiling water also ab-' 
sorb caforic in different degrees in a room of the common tern* 
perature ? 

Mrs.B, Undoubtedly they would. But the various bodies . 
in the room would not, at a lower temperature, ^rnish either 
of the canisters with a sufficiency of caloric to compensate for 
the loss they undergo \ for^ suppose the black canister to ab- 
sorb 40Q rays of caloric, whilst the metallic one absorbed only . 
^[K); yet if tlite foi-mer radiate 800, whilst the latter radiates 
only 400, the black canister will be the first cooled down to the 
^mperature of the room. But from the moment the equilibri- 
um of temperature has taken place, the black canister, both 
receiving and giving out 400 riiys, and the metallic one 200, no 
change of temperature will take place. 

tlmily, I now understand it extremely well. But what be- 
comes of the surplus of calorific rays, which good radiators 
emit and bifcd radiators refuse to receive : they must wander 
about in s««a-cb of a resting-place ? 

Mrs.b. They really do so 5 for they are rejected and sent 
back, or, in other words^ reflected by the bodies which are 
bad radiators of caloric ; and they are thus transmitted to other 
bodies which happen to lie in their way, by which they are eith- 
er absorbed or again reflected, according as the property of re- 
flection, or that of absorption, predominates in these bodies. ^ 

Garofee. I do not well understand the difference between 
radiating and reflecting caloric, for the caloric that is reflected 
from a body proceeds from if in straight lines, and may surely 
be said to radiate from it ? . - v 

itfr*. jB.Jt is true that there at first appears to be a great 
analogy between radiatmi and reflection, as they eq'ually con* 
vey the idea of the transmission of caloric. 

But if you consider a little, you will perceive that when a' 
body radiates ealoric, the beat which it emits not only pro- 
ceeds from, but has its origin in the body itself. Whilst when 
a body reflects caloric, it parts with none of its own caloric, 
but only reflects that which it receives from other bodtes. 

Emily. Of this difference we have very striking examples 
before us, in the tin vessel of water, and the concave mirrors 5 
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the fim radlates-itsown he^t, the latter r^<^ct the beat which 
they receive (mm other bodies. ^ 

Qaroline. Now, that I understand the difference, it no longer 
surprises me that bodies which radiate, or part with their own 
caloric freely, should npt have the power of transmitting wi|h 
equal facility that which they receive from other bodies. 

Emily. Yet no body can be said to possess caloric of itM 
own, if aU caloric is originally derived from the sun. 

Mrs, B. When I speak of a body radiating its own caloric, 
I mean that which it has absorbed and incorporjited either inaf* 
mediately Jrim the sun's rays, or through the medium of any 
other substance. : ^ 
- Caroline^ It seems natutal enougii that the power of absorp- 
tion should be in opposition to that of refleetiop, fcv the more 
caloric a body receives, the less it will reject, 
I Emily, And equally so that the power of radiation should 
correspond with that of absorption. It is, in fact, cause and 
effect 5 for a body cannot radiate heat without having previous- 
ly absorbed it ; just as a spring that is well fed flows abun- 
dantly. 

Mrs. B. Fluids are in general very bad radiators of caloric ; 
and air neither radiates nor absorbs caloric in any sensible de- 
gree. . . . ' 

We have not yet concluded our observations on Tree; calorie; 
But I shall defer, till our next meeting, what I have further to 
say on this subject. I believe it will afford us ample conversa- 
tion for another interview. ^ 



CONVERSATION III. 

CONTINUATJON OF THE SUBJECT. 

Mrs. B. In our last conversation^ we begau to examine the 
tendency of caloric to.. restore an equilibrium of temperaturer 
This property Avhejoi once well understood, affords the explana* 
tion of a great variety q( facts which appeared formerly unac- 
countable. You must observe, in the first place, that the effect 
of this^ tendency is gradually to bring all bodies that are in con- 
tact to, the same temperature. Thus the fire which burns in 
the grate, communicates its heat from one object to another, 
till every part, of the room has an equal proportion of it. 

Emily. And yet tin* book is Bot f o cold as the table*6n 
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whkb it lies, though both are atari equalldfstance from the fire, 
and actually in contact with each other, so that, according to 
yoar theory, they should be exactly df the same temperature. 

*Qarolinei And the hearth, which is nmch nearer the fife 
than the carpet, is certainly the colder of the two. 

Mrs* B. If -you ascertain the temperature of these several 
bodies by a thermometer Twhich is a much more accurate test 
than your feeling,) you will find that it is exactly the same. 

Ccaroline, But if they are of the same temperature, why 
^ould the one feel colder than the other ? - ' * 

Mrs. B* The hearth and the table feel colder than the car- 
pet or the book, because the latter are not such good conductors 
iff heat 9S the former. Caloric finds a more easy passage 
through marble and wood, than through leather and worsted ; 
the two former will therefore absorb heat" more rapidly from 
your hand^and consequently give it a stronger sensation of cold 
than the two latter, although they are all of them really of the 
same temperature. ^ 

Caroline, So, then^ihe sen^tion I feel Osn touching a cold 
body, is in proportion to the rapidity with which my hand 
yie6s its heat to that body ? 

Mrs.'B. Precisely ; and if you lay your hand successively 
on every object in the room, you. will discover which are good,- 
and which are bad conductors of heat, by the different degrees 
of cold which ypu feel. But in order^ to ascertain this point, it 
is necessary that the several substances should be of the same 
temperature, which will not be the case with ' those that ^re 
very near the fire, or those that are exposed to a current of cold 
8ur from a window or door* 

Emily. But what is the reason that some bodies are better 
conductors of heat than others ? 

Mrs.B. This is a point not well ascertained. It has been 
^njectured that a certain union or adherence tak^s, place be- 
tween the caloric and the particles of the body through which it 
passes. If this adherence be strong^the body detains the heat, 
and parts with it slowly and reluctantly; if slight, h propa- 
gates it freely and rapidly. The conducting power of a body 
» therefore, inversely, as its tendency to unite with caloric. 

Emilyu That is to«ay that the best conductors are those that 
have the least afikiity for caloric. 

Mrs. B. Yes; but the term affinity is objectionable in this 
case, becaose, as that word is used to express a chemical at- 
traction (which can be destroyed only by decomposition,) it 
cannot be apf^icable to the slight and transient union that take$ 
ptace betw0en ftree caloric and the bodies through which it pass^ 
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es I an union wbich \% so weak^ that it cnnstantly yields to tkc 
tendency whkh celoric h^is to an equllibtium. Now yoii 
clearly understand, that the passage of caloric^ through bodies 
that are goad conductors, is much more rapid than through 
those that are bad conductorsj and that the former both give 
and receive it more quickly , and thereforej in a given timf% 
more abundantly, than bad conductors, which makes them feel 
neither hotter or colder, though they may be, in fact^ both of the 
same temperature. 

Carolme. Yes, I understand it now ; the table j and the book 
lying upon it, being really of the tame tempcraturej woidd each 
receive^ in the same space of limej the same quantity of beat 
from my band, were their conducting powers cqnal ; hot as the 
table is the best conductor of the two, it will absorb the beat 
from my hand more rapidly, and consequently produce a 
stronger sensation of cold than the book. 

Airs, B. Very well^ my dear; and observe, likewise, that if 
you were to heat the table and the hook an equal number of 
degrees above the temperature of your t»ody, the table, which 
before felt the colder, would now tec 1 the hotter of the two ; 
for, as in tbe first case it took the heat most rapidly from your 
hand, so it will now impart heat most rapidly to it. Thus the 
marble table, which seems to us colder than the mahogany one, 
will prove the hotter of the two to the ice ; for, if it takes heat 
more rapidly from our hands, which are warmer, it will give 
out heat more rapidly to the ice, which is colder. Do you un- 
derstand the reason of these apparently opposite efiects ? 

Emii^. Perfectly. A body which is a good conductor of 
caloric, affords It a free passage ; so that it penetrates through 
that body more rapidly than through one which is a bad con- 
ductor ; and consequently, if it is colder thin your hand, you 
lose more caloric, and if it m hotter, you gain more than with a 
bad conductor of the same temperature. 

Mrs, rl\ But you must observe that this is the case only vAv^n 
the conductors are either hotter or colder than your hand; for, 
if you heat different conductors to the temperature of your bo- 
dy, tbey will ail feel equally warm^ since the exchange of cal- 
oric between bodies of the same temperature is equal. Now, 
can you tell me why flannel clothing, which is a very bad con- 
ductor of heat J prevents our feeling cold ? 
i Caroliiie, h prevents the cold from penetrating ..,*,*.,, 

Jifrs. B, But you forget that cold is only a negative quality* 

Carifiine. True ^ it only prevents the heat of our bodies from 
escaping so rapidly as it would other wj.se do, 

Afrs. B. Now you have explained it right ; the flannel rather 
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keeps in the heat, than keeps out the cold. Were the atmos- 
phere of a higher temperature than our bodies, it would be 
equally efficacious in keeping their temperature at the same 
degree, as it would prevent the free access of the external heat, 
by the difficulty with which it conducts it. 

Emily. This, I think, is very clear. Heat, whether exter- 
nal or internal, cannot easily penetrate flannel ; therefore in 
cold weather it keeps us warm, and if the weather were hotter 
than our bodies, it would keep us cool. 

Mrs. B. The most dense bodies are, generally speaking, the 
best conductors of heat ; probably because the denser the body 
the greater are the number of points or particles that come in 
contact with caloric. At the common temperature of the at- 
mosphere, a piece of metal will feel much colder than a piece 
ef wood, and the latter than a piece of woollen cloth ; this 
again will feel colder than flannel ; and down, which is one of 
the lightest, is at the same time one of the warmest bodies.* 

Caroline. This is, I suppose, the reason that the plumage 
of birds preserve them so efiectually from the influence of cold 
in winter ? 

Mrs. B. Yes ; but though feathers in general are an excellent 
preservative against cold, down is a kind of. plumage peculiw 
to aquatic birds, and covers their chest, which is the part most 
exposed to the water ; for though the surface of the water is not 
of a lower temperature than the atmosphere, yet, as it is a bet- 
ter conductor of heat, it feels much colder, consequently the 
chest of the bird requires a warmer covering, than any other 
part of its body. Besides, the breasts of aquatic birds are ex- 
posed to cold, not only from the temperature of the water, but 
also from the velocity with which the breast of the bird strikes 
against it ; and likewise from the rapid evaporation occasioned 
in that {lart by the air against which it strikes, after it has been 
moistened by dipping from time to time into the water. 

If yoo bold a finger of one hand motionless in a glass of wa- 
ter, and at the same time move a finger of the other hand 
swiftly through water of the same temperature, a diflerent 
sensation will be soon perceived in the diflerent fingers.t 

Most animal substances, especially those which Providence 
has assigned as a covering for animals, such as fur, wool, hair, 

• One reason why fur, down, &c. conduct heat so badly, is, that 
they contain a large quantity of air, which is a worse conductor than 
the materials themsetves. C. 

t 1 he reason stems to be, that the finger, when it is still, warms the 
water in contact with it : while the one that is stirring \a constantly 
exposed to fresh applications of cold. C. 

5 
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skin, &c. are badcoeductors of heat, a&d are, (m that account| 
such excellent preservatives against the inclemency of winter,^ 
that our warmest apparel is noade of these materials. 

Emily. Wood is, I dare say, not so good a conductor as tiie- 
tal, and it is for that reason, no doubt, that silver tea-pots have 
always wooden handles. 

Mrs. h. Yes ; and it is the facility with which metals con- 
duct caloric that made you suppose that a silver pot radiated 
more caloric than an earthen one. The silver pot is in fact hot- 
ter to the hand when in contact with it ; but it is because its 
conducting power more than counterbalances its deficiency ia 
regard to radiation. 

We have observed that the most dense bodies are in general 
the best conductors; and metals, you know, are of that class. 
Porous bodies, such as the earths and wood, are worse conduct- 
ors, chiefly, I believe, on account of their pores being filled 
with air ; for air is a remarkably bad conductor. 

Caroline. It is a very fortunate circumstance that air should 
be a bad conductor, as it tends to preserve the heat of the body 
when^xposed to cold weather. 

Mrs. B. It is one of the many benevolent dispensations of 
Providence, in order to soften the inclemency of the seasons, 
and to render almost all climates habitable to man. 

In fluids of diflerent densities, the power of conducting heat 
varies no less remarkably ; if you dip 3rour hand into this vessel 
fiiU of mercury, you will scarcely conceive that its temperature 
is not lower than that of the atmosphere. 

Caroline. Indeed I know not how to believe it, it feels so 
extremely cold. — But we may easily ascertain its true tempera- 
ture by the thermometer. — It is really not colder than the air ; 
— ^the apparent diflerence then is produced merely by the differ- 
ence of the conducting power in 'mercury and in air. 

Mrs. B, Yes ; hence you may judge bow little the sense of 
feeling' is to be relied on as a test of the temperature of bodies^ 
and how necessary a thermometer is for that purpose. 

It has indeed been doubted whether fluids have the power 
of conducting caloric in the same manner as solid bodies. 
Count Rumford, a very few years since, attempted to prove, 
by a variety of experiments, that fluids, when at rest, were 
not at all endowed ^ith this property. 

Caroline. How is that possible, since they are capable of 
imparting cold or heat to us ; for if they did not conduct beat, 
they would neither take it from, nor give it to us ? 

J^,r8. > • Count Rumford did not mean to say that fluids 
would not communicate their heat to solid bodies ; but only 
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that heat does not pervade fluids, that is to say, is not transmil- 
ted from one particle of a duid to another, in the same manner, 
as in solid bodies. 

Emify. But when you heat a vessel of water over the fire, if 
the particles of water do not communicate heat to each other| 
how does the water become hot throughout ? 

Mrs, B. By constant agitation. Water, as you have seen, 
expands by heat in the same manner as solid bodies ; the heated 
particles of water, therefore, at the bottom of the vessel, be-, 
come specifically lighter than the rest of the liquid, and conse^ 
quently ascend to the surface, where, parting with some of theic 
heat to tlie colder atmosphere, they are condensed, and give 
way to a fresh succession of heated particles ascending ^m 
the bottom, which having thrown off their heat at the surface^ 
are in their turn displaced. Thus every particle is successively 
heated at the bottom, and cooled at the svr^ce of the liquid ; 
but as the fire communicates heat more rapidly than the atmos- 
phere cooh the succession of surfaces*, the whole of the liquid 
in time becomes heated. 

Caroline, This accounts most ingeniously for the propaga- 
tion of heat upwards. But suppose you were to heat tbe up- 
per surface of a liquid, the partrcles being specifically lighter 
than those below, could not descend : how therefore would the 
heat be communicated downwards ? - 

Mrs^ B, If there were no agitation to force the heated sur- 
face downwards, Count Rumford assures us that the heat would 
not descend. In proof of this he succeeded in making the up- 
per surface of a vessel of water boil and evaporate, while a 
. cake o( ice remained frozen at the bottom.* 

Caroline, That is very extraordinary indeed f 

Mrs, B, It appears so, because we are not accustomed to 
heat liquids by their upper surface 5 but you will understand 
this theory better if I show you the internal motion that takes 
place in liquids when they experience a change of temperature. 
The motion of the liquid itself is indeed invisible from the ex- 
treme minuteness of its particles ; but if you mix with it any 
coloured dust, or powder, of nearly the same specific gravity as 
the liquid, you may judge of the internal motion of the latter 
by that of the coloured dust it contains. — Do you see the small 

♦Dr. Thomson says — " All fluids, however, are capable of conduct- 
ing caloric ; for when the source of heat is apphed to their surface, 
the caloric gradually makes its way downwards, and the lemperature 
of every stratum gradually diminishes from the surface to the bottom 
t/f the liquid." C. 
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piece of amber moving about in the liquid contained in this ' 
phial? 

Caroline. Yes, perfectly. 

J^Irs. B, We shall now immerse the phial in a glass of hot 
water, and the motion of the liquid will be shown by that which 
it communicates to the amber. 

Emil^. I see two currents, the one rising along the sides of 
the phial, the other descending in the centre ; but I do not un- 
derstand the reason of this. 

Mrs. B. The hot water communicates its caloric, through the 
medium of the phial, to the particles of the fluid nearest to 
the glass; these dilate and ascend laterally to the surface, 
where, inr parting with their heat, they are condensed, and in 
descending, form the central curr*»nt. 

Caroline. This is indeed a very clear and satisfactory exper- 
iment ; but how much slower the currents now move than they 
did at first ? . 

Mrs.B. It is because the circulation of particles has nearly 
produced an equilibrium of temperature between the liquid in 
the glass and that in the phial. 

Caroline. But these communicate laterally, and I thought 
that heat in liquids could be propagated only upwards. 

Mrs. B. You do not take notice that the heat is imparted 
from one liquid to the other, through the medium of the phial 
itself, the external surface of which receives the heat from the 
water in the glass, whilst its internal surface transmits it to the 
liquid it contains. Now take the phial out of the hot water, 
and observe the effect of its cooling. 

Emily. The currents are reversed ; the external current now 
descends, and the internal one rises. — I guess the reason of 
this change : — the phial being in contact with cold air instead 
of hot water, the external particles are cooled instead of being 
heated ; they therefore descend and force up the central parti- 
cles; which, being warmer, are consequently lighter. 

Mrs. B. It is just so. Count Rumford hence infers, that no 
alteration of temperature can take place in a fluid, without an 
internal motion of its particles ; and as this motion is produced ' 
only by the comparative levity of the heated particles, heat 
cannot be propagated downwards. 

But though I believe that Count Rumford's theory as to 
heat being incapable of pervading fluids is not strictly cor- 
rect, yet there is, no doubt, much truth in his observation, 
tha» the communication is materially promoted by a motion 
of the parts ; and this accounts for the cold that is found to 
prevail at the bottom of the lakes in Switzerland, which are 
fed by rivers issuing from the snowy Alps, The water pf 



rii^se rivers l>eing colder, and therefore more dense than that of 
the lakes^ subsides to the bottom, where it cannot be affected 
by the warmer temperature of the surface ; the motion ot the 
waves may communicate this temperature to some little depth, 
but it can descend no further than the agitation extends. 

Emily. But when the atmosphere is colder than the lake, the 
colder surface of the water will descend, for the very reason 
that the warmer will not. 

Mrs. h. Certainly 9 and it is on this account that neither a 
lake, nor any body-of water whatever, can be frozen until every 
particle of the water has risen to the surface to give off its calo- 
ric to the colder atmosphere ; therefore the deeper a body of 
water is, the longer will be the time it requires to be frozen. 

Emily. But if the temperature of the whole body of water 
be brought down to the freezing point, why is only the surface 
frozen ? 

Mrs. B. The temperature of the whole body is lowered, but 
not to the freezing point. The diminution of heat, as you 
know, produces a contraction in the bulk of fluids, s^s well as 
of solids. This effect, however, does not take place in water 
below the temperature of 40 degrees, which is 8 degrees above 
the freezing point. At that temperature, therefore, the inter- 
nal motion, occasioned by the increased specific gravity of the 
condensed particles, ceases ; for when the water at the surface 
no, longer condenses, it will no longer descend, and leave a 
fresh surface exposed to the atmosphere : this surface alone, 
therefore, will be further exposed to its severity, and will sooi> 
be brou^t down to the freezing point, when it becomes ice, 
which being a bad conductor of heat, preserves the water be- 
neath a long time from being affected by the external cold. 

Caroline. And the sea does not freeze, I suppose, because 
its depth is so great, that a frost never lasts long enough to 
bring down the temperature of such a great body of water to 
40 degrees ? 

Mrs, H, That is one reason why the sea, as a large mass of 
water, does not freeze. But, independently of this, sah water 
does not freeze till it is cooled much below 32 degrees, and 
with respect to the law of condensation, salt water is an ex- 
ceptioa, as it condenses even many degrees below the freezing 
point. When the caloric of fresh water, therefore, is impris- 
oned by the ice on its surface, the ocean still continues throw- 
ing off heat into the atmosphere, which is a most signal dispen- 
sation of Providence to moderate the intensity of the cold in 
winter. 

CaroUne. This theory of the non-conducting power ofJl* 
5* 
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quidSy does not, I suppose, hold good with vmipM to air^ 
otherwise the atmosphere would not be heated hj the rays of 
the sun passing through it ? 

Mrs, B. Nor is it heated in that way. The pdre atmosphere 
is a perfectly transparent medium, which neither radiates, ab* 
sorbs, nor conducts caloric, but transmits the rays of the sun 
to us without in any way diminishing their intensity. The air 
b therefore not more heated, by the sun's rays passing through 
it, than diamond, glass, water, or any otheir transparent me- 
ilium.* 

Caroline, That is very extraordinary ! Are glass windows 
not heated then by the sun shining on them ? 

Mrs, B, No ; not if the glass be perfectly transparent. A 
Biost convincing proof that glass transmits the rays of the sun 
without being heated by them is afforded by the burning lens, 
which by converging the rays to a focus will set combustible 
bodies on fire, without its own temperature being raised. 

Emily. Yet, Mrs. 6., if I hold a piece of glass near the fire, 
it is almost immediately warmed by it ; the glass therefore must 
retain some of the caloric radiated by the fire ? Is it that the 
solar rays alone pass freely through glass without paying trib- 
ute ? it seems unaccountable that the radiation of a common 
fire should have power to do what the sun's rays cannot accom- 
plish. 

Mrs. B. It is not because the rays from the fire have more 
power, but rather because they have less, that they heat glass 
and other transparent bodies. It is true, however, that as you 
approach the source of heat the rays being nearer each other, 
the heat is more condensed, and can produce effects of which 
the solar rays, from the great distance of their source, are inca- 
pable. Thus we should find it impossible to roast a joint of 
m^'at by the sun's rays, though it is so easily done by culinary 
fa( at. Yet calorie emanated from burning bodies, which is 
eotnmonl y called culinary heat, has neither the intensity nor the 
velocity of solar rays. All caloric, we have said, is supposed 
to proceed originally from the sun ; but after having been incor- 
porated with terrestrial bodies, and again given out by them, 
though its nature is nut essf ntially altered, it retains neither the 
intensity nor the velocity with which it first emanated from 
thai luminary 5 it has therefore not the power of passing through 

• To «how still better that transparent aiedia are not heated by the 
Itaysof the sun, throw the focus of a burning lens into a vessel of clear 
water. No effect on the temperature will be produced ; but if an 
•pnke body, as a piece of cork be introduced Qodsr the focus, the wa- 
ter at tbif point instantly begins to boil. €. 



transparent mediuiM, ^di as glass and water, whboot being 
partially retained by those bodies. 

Emily. I recollect that in the experiment on the reflection of 
heat, the g^ass skreen which you interposed between the burn- 
ing taper and the mirror, arrested the rays of caloric, and suf- 
fered only those of light to pass through it. 

Caroline. Glass windows, then, though they cannot be heat- 
ed by the sun shining on them, may be heated internally by a 
fire in the room ? But, Mrs. B., since the atmosphere is not 
wanned by the solar rays passing through it, how does it obtain 
heat ; for all the fires that are burning on the surface of the 
earth would contribute very little towards warming it ? 

Etmly. The radiation of heat is not confined to burning bod- 
ies ; for all bodies, you know, have that property \ therefore 
not only every thing upon the surface of the earth, but the 
earth itself, must radiate heat ; and this terrestrial caloric, not 
having, I suppose, sufficient power to traverse the atmosphere^ 
eemmunicates heat to lU 

Mrs, B. Your inference is extremely well drawn, Cmily ; 
but the foundation on which it rests is not sound : for the fact 
is, that terrestrial or culinary heat, though it cannot pass through 
the denser transparent mediums, such as glass or water, without 
loss, traverses the atmosphere completely ; so that all the heat 
which the learth radiates, unless it meet with clouds* or any 
foreign body to intercept its passage, passes into the distant rei- 
gions of the universe. 

Caroline, What a pity that so much heat should be wasted! 

Mrs. B. Before you are tempted to object to any law of na- 
ture, reflect whether it may not prove to be one of the number- 
less dispensations of Piovidence for our good. If all the heat 
which the earth has received from the sun, since the creation 
had been accumulated in it, its temperature by this time would, 
no doubt, have been more elevated than any human being could 
have borne. 

Caroline. I spoke indeed very inconsiderately. But, Mrs. 
B., though the eaVth, at such a high temperature, might have 
scorched our feet, we^should always have had a cool refreshing 
air to breathe, since the radiation of the earth does not heat the 
atmosphere. , « 

Emily. The cool air would have afforded but very insufficient 

• Every one haa observed how oppressive the heat is on a foggy t of 

cloudy day in the summer. The moisture of the fog absorbs the heat 

which the earth radiates, and throws it back .upon the earth again, 
and upon us, C. 
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refreslimeiit, whilst our bodies were exposed to the burning ra« 
diation of the earth. 

Mrs. JB. Nor should we have breathed a copl air ; for though 
it is true that beat is not cornmunicated to the atmosphere by 
radiation, yet the air is wanned by contact with heated bodies, 
in the same manner as solids or liquids. The stratum of air 
which is immediately in contact with the earth is heated by it ; 
it becomes specifically lighter and rises, making way for another 
stratum of air which is in its turn heated and carried upwards ; 
and thus each successive stratum of air is warmed by coming in 
contact with the earth. You may perceive this effect in a sultry 
day, if you attentively observe the strata of air near the surface 
of the earth ; they appear m constant agitation, for though it is 
true the air is itself invisible, yet the sun shining on the vapours 
.floating/in it, render them visible, like the amber dust in the wa- 
ter. The temperature of the surface of the earth is therefore the 
source from whence the atmosphere derives its heat, though it 
is communicated neither by radiation, nor transmitted from one 
particle o( it to another by the conducting power ; but every 
particle of air must come in contact with the earth in order to 
receive heat from it. 

Emily, Wind then by jagitaUng the air should contribute to 
cool the earth and warm the atmosphere, by bringing a more 
rapid succession of fresh strata of air in contact with the earth, 
and yet ip general wind feels cooler than still air? 

Mrs. B. Because the agitation of the air carries off heat 
from the surface of our bodies more rapidly than still air, by 
occasioning a greater number of points of contact in a given 
time. 

Emily. Since it is from the earth and not the sun that the at- 
mosphere receives its heat, I no longer wonder that elevated 
regions should be colder than plains and valleys ; it was always 
a subject of astonishment to me, that in ascending a mountain 
and approaching the sun, the air became colder instead of being 
more heated. 

Mrs. 3. At the distance of about a hundred million of miles, 
which we are from the sun, the approach of a few thousand feet 
makes no sensible difference, whilst it produces a very consid-' 
erable effect with regard to the warming the atmosphere at the 
surface of the eai:th. 

Caroline. Yet as the warm air arises from the earth and the 
cold air descends to it, I should have supposed that heat would 
have accumulated in the upper regions of the atmosphere, and 
that we should have feh the air warmer as we ascended ? 

Mrs. jB. The atmosphere, you knoWf diminishes in density^ 
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and consequently in weight, as it is more distant from the earth ; 
the warm air, therefore, rises till it meets with a stratum of air 
of its own density ; and it will not ascend into the upper regions 
of the atmosphere until all the parts beneath have been previ- 
ously heated. The length of summer even in warm climates 
does not heat the air sufficiently to melt the snow which has ac- 
cumulated during the winter on very high mountains, although 
they are almost constantly exposed to the heat of the sun's rays, 
being too much elevated to be often enveloped in clouds. 

Emily, These explanations are very satisfactory ; but allow 
me to ask you one more question respecting the increased levity 
of heated liquids. You said that when wtiter was heated ovei^ 
the fire, the particles at the bottom of the vessel ascended as 
soon as heated, in consequence of their specific levity : why 
does not the same effect continue when the water boils, and is 
converted into steam ? and why does the steam rise from the 
surface, instead of the bottom of the liquid ? 

Mrs. JB. The steam or vapour does ascend from the bottom, 
though it seems to arise from the surface of the liquid. Wt 
shall boil some water in this Florence flask, (Plate IV. Fig. 
1.) in order that you may be well acquainted with the process 
of ebullition ; — ^you will then see, through the glass, that the 
vapour rises in bubbles from the bottom. We shall make it 
boil by means of a lamp, which is more convenient for this 
purpose than the chimney fire. 

Emly. I see some small bubbles ascend, and a great many 
appear all over the inside of the flask ; does the water begin to 
boil already ? 

Mrs. B. No ; what you now see are bubbles of air, which 
were either dissolved in the water, or attached to the inner sur- 
face of the flask, and which, being mrefied by the heat, ascend 
in the water. 

EmUy. But the heat which rarefies the air inclosed in the 
water must rarefy the water at the same time ; therefore, if it 
could remain stationary in the water when both were cold, I do 
not understand why it should not when both are equally 
heated ? 

Mrs. B. Air being much less dense than water, is more easily 
rarefiej^Ae lormer, therefore, expands to a great exteiht, 
whilst^l^atter continues to occupy nearly the same space 5 
for water dilates comparatively but very little without changing 
its state and becoming vapour. Now that the water in the flask 
begins to boil, observe what large bubbles rise from the bottom 
of it. 

Emily. I see them perfectly 5 but ! wonder that they have 
suflkient power to force themselves through the water. 
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Caroline. They nrnst Vise, you know, from their specific lev- 
ity. 

Mrs. B, You are right, Caroline ; but vapour has not in all 
liquids (when brought to the degree of vaporization) the power 
of overcoming the pressure of the less heated surface. Metals, 
for instance, mercury excepted, evaporate only from the sur- 
face 'y therefore no vapour will ascend from them till the degree 
of heat which is necessary to form it has reached the surface ; 
that is to say, till the whole of the liquid is brought to a state of 
ebullition. 

Emly. I have observed that steam, immediately issuing 
from the spout of a tea-kettle, is less visible than at a further 
distance from it ; yet it must be more dense when it first evap- 
orates, than when it first begins to diffuse itself in.the au*. 

Mrs, B. When the steam is first formed, it is so perfectly 
dissolved by caloric, as to be invisible. In order however to 
understand this, it will be necessary for me to enter into some 
explanation respecting the nature of so|.ution. Solution takes 
place whenever a body is melted in a fluid. In this operation 
the body is reduced to such a minute state of division by the flu- 
id, as to become invisible in it, and to partake of its fluidity ; 
but in common solutions this happens without any decomposi- 
tion, the body being only divided into its integrant particles by 
the fluid in which it is melted. 

Caroline, It is then a mode of destroying the attraction of 
aggregation. 

Mrs. B. Undoubtedly. — ^The two principal solvent fluids 
are witter and caloric. You may have observed that if you 
melt salt in water it totally disappears, and the water remains 
dear, and transparent as before ; yet though the union of these 
two bodies appears so perfect, it is not prodpced by any chem- 
ical combination ; both the salt and the water remain unchang- 
ed ; and if you were to separate them by evaporating the latter, 
you would find the salt in the same state as before. 

Emily. I suppose that water is a solvent for solid bodies, 
and caloric for liquids ? 

Mrs. B. Liquids of course can only be converted into vapour 
by caloric But i\\e solvent power of tWs agent is not at all 
confined to that class of bodies ; a great variety oikolid sub- 
stances are dissolved by heat : thus metals, which sMpnsolu- 
ble in water, can be dissolved by intense heat, being first fused 
or convertedlnto a liquid, and then rarefied into an invisible 
vapour. Many other bodies, such as salt, gums, &c. yield to 
cither of these solvents. 
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Caroline. And that, no doubt, is the reason why hot water 
will melt them so much better than cold water ? 

Mrs. B. It is so. Caloric may, indeed, be considered as 
having, in every instance, some share in the solution of a body 
by water, since water^ however low its temperature may be, 
always contains more or less caloric. 

Emily. Then, perhaps, water owes its solvent power merely 
to the caloric contained in it. • 

Mrs. B. That, probably, would be carrying the speculation 
too far; I^hould rather think that water and caloric unite their 
eflTorts to dissolve a body, and that the difficulty or facility of 
effecting this, depend both on the degree of attraction of ag- 
gregation to be overcome, and on the arrangement of the par- 
ticles which are more or less disposed to be divided and pene- 
trated by the solvent. 

Emily* But have not all liquids the same solvent power as 
water? 

Mrs. B. The solvent power of other liquids varies according 
to their nature, and that of the substances submitted to their 
action. Most of these solvents, indeed, differ essentially from 
water, as they do not merely separate the integrant particles of 
the bodies which they dissolve, but attack their constituent 
principles by the power of chemical attraction, thus producing 
a true decomposition. These more complicated operations we 
must consider in another place, and confine our attention at 
present to the solutions by water and caloric. 

Caroline., But there are a variety of substances which, when 
dissolved in water, make it thick and muddy, and destroy its 
transparency. 

Mrs. B. In this case it is not a solution, but simply a mix- 
ture. I shall show you the difference between a solution and a 
mixture, by putting some common salt into one glass of water, 
and some powder of chalk into another ; both these substances 
are white, but their effect on the water will be very different. 

Caroline. Very different indeed ! The salt entirely disap- 
pears and leaves the water transparent, whilst the chalk chan- 
ges it into an opaque liquid like milk. 

Emily. And would lumps of chalk and salt produce similar 
effects on water ? 

Mrs. B. Yes, but not so rapidly : salt is, indeed, soon melted 
though in a lump ; but chalk, which does not mix so readily 
with water, would require a much greater length of time ; I 
therefore preferred showing you the experiment with both sub- 
stances reduced to powder, which does not, in any respect alter 
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their nature, but facilitates the operation merely by presentinf 
a greater quantity of surface to the water, 

I must not forget to mention a vciy curious circumstance 
respecting solutions, which is, that a fluid is not nearly so 
much increased m bulk by holding a body in solution, as it 
would by mere mixture with the body. 

Caroline. That seems impossible 5 for two bodies cannot 
exist together in the same space. 

Mrs, B. Two bodies may, by condensation, occupy less 
space when in union than when separate, and this I can show 
you by an easy experiment. 

This phial, which contains some salt, I shall fill with water^ 
pouring it in quickly, so as not to dissolve much of the salt ; 
and when it is quite full I cork it. — If I now shake the phial 
till the salt is dissolved, you will observe that it is no longer 
fijll. 

Carqline. I shall try to add a little more salt. — But now, you 
see, Mrs. B., the water runs over. 

J^ira. B. Yes ; but observe that the last quantity of salt yoo 
put in remains solid at the bottom, and displaces the water ; 
for it has already melted all the salt it is capable of holding in 
solution. This is called the point of saturation $ and the wa- 
ter in this case is said to be saturated with salt. 

Emily. I think I now understand the solution of a solid body 
by water perfectly ; but I have not so clear an idea of the solu- 
tion of a liquid by caloric. 

Mrs. B, It is probably of a similar nature ; but as caloric is 
an invisible fluid, its action as a solvent is not so obvious as that 
of water. Caloric, we may conceive, dissolves water, and con- 
verts it into vapour by the same process as water dissolves salt- 
that is to say, the particles of water are so minutely divided by 
the caloric as to become invisible. Thus, you are now enabled 
to understand why the vapour of boiling water, when it first is- 
sues ft-om the spout of a kettle, is invisible; it is so, because it 
is then completely dissolved by caloric. But the air with which 
it comes in contact, being much colder than the vapour, the 
latter yields to it a quantity of its caloric. The particles of va- 
pour being thus in a great measure deprived of their solvi^nt, 
gradually collect, and become visible in the form of steam, whirh 
is water in a state of imperfect solution ; and if you were fur- 
ther to deprive it of its caloric, it would return to its original li- 
quid state. 

Carpline. That I understand very well. If you hold a cold 
plate over a tea-urn, the steam issuing from it will be immedi- 
ately converted into drops of water by parting with its caloric 
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to the plute ; but In what state is the steam, when it becomes 
invbible by being difTused in the air ? 

Mrs, B. It is not merely diffused, but is again dissolved by 
the air. 

Emily. The air, then, has a solvent power, like water and 
caloric? 

Mr9. B. This was formerly believed to be the case. But it 
appears from more recent enquiries' that the solvent power of 
the atmosphere depends solely upon the caloric contained in it. 
Sometimes the watery vapour diffused in the atmosphere is but 
imperfectly dissolved, as is the case in the formation of clouds 
and fogs ; but if it gets into ^ region sufficiently warm, it be- 
comes perfectly invisible. 

Emily. Can any water dissolve in the atmosphere without 
its being previously converted' into vapour by boiling ? 

Mrs. B. Unquestionably ; and this constitutes the difference 
between vaporization and evaporation. Water, when heated 
to the boiling point, can no longer exist in the form of water, 
and must necessarily be converted into vapour or steam, what* 
ever may be the state and temperature of me surrounding me* 
dium; this is called vaporization. But the atmosphere, by 
means of the caloric it contains, can take up a certain portion^ of 
water at any temperature, and hold it in a state of solution. 
This is simply evaporation. Thus the atmosphere is contin<- 
ualiy carrying off moisture from the surface of the earth, until 
it is saturated with it. 

Caroline. That is the case, no doubt, when we feel the at-i 
mosphere damp. 

Mrs. B. On the contrary, when the moisture is well dissol* 
ved it occasions no humidity : it is only when in a state of im- 
perfect solution and floating in the atmosphere, in the form or 
watery vapour, that it produces dampness. This happens 
more frequently in winter than in summer ; for the lower the 
temperature of the atmosphere, the less water it can dissolve ; 
and in reality it never contains so much moisture as in a dry 
hot summer's day. 

Caroline. You astonish me ! But why, then, is the air so dry 
ID frosty weathefj wlien its temperature is at the lowest ? 

Emily. T h in ^ 1 conjecture, proceeds not so much from the 
moisture being dissolved, as from its being frozen ;* is not that 
the ciise ? 

* In coM rlimatcii when Ihere is oot a cloud to be seen, abd the fua 
risers m titl iufi ^\\^fy■, thi^ air is sometimes full of little particles of ice» 
^Haleciins: ia every direct tan j and firming a most beautiful spectacle. 
TbtiiH awing io the cundtinfiatioii, and freezing of the paf tick* of wf)> 
ter 14 the air, by the ipteoM cold. C. 

6 
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Mrs. B. It is ; and the freezing of the watery vapour which 
(he atmospheric heat could not dissolve, produces what is call- 
ed a hoar frost ; for the particles descend in freezing, and attach 
themselves to whatever they meet with on the surface of the 
earth. 

The tendency of free caloric to an equilibrhim, together with 
its solvent power, are likewise connected the phenomena of rain^ 
of dew, &c. When moist air of a certain temperature hap- 
j^ns to pass through a colder region of the atmosphere, it parts 
with a poitbn of its heat to the surrounding air ; the quantity 
of caloric, therefore, which served to keep the water in a state 
of vapour, being diminished, the watery particles i^proach 
each other, and form themselves into drops of water, which be- 
ing heavier ths^i the atmosphere, descend to the earth. There 
are also other circumstances, and particularly the variation in 
the weight of the atmosphere, which may contribute to the for- 
mation of rain. This, however, is an intricate subject, into 
which we cannot more fully enter at present. 

Emily. In what manner do you account for the formation of 
dew ? ^ 

Mrs. B. Dew is a deposition of watery particles or minute 
drops from the atmosphere, precipitated by the coolness of 
the evening. 

Caroline. This precipitation is owing, I suppose, to the cool- 
ing of the atmosphere, which prevents its retaining so great a 
quantity of watery vapour in solution as during the heat of 
the day. 

Mrs. B. Such was, from time immemorial, the generally re- 
ceived opinion respecting the cause of dew ; but it has been 
very recently proved by a course of ingenious experiments of 
Dr. Wells, that the deposition of dew is produced by the cool- 
ing of the surface of the earth, which he has shown to take 
place previously to the cooling of the atmosphere ; for on ex- 
amining the te-mperature of a plot of grass just before the dew- 
fall, he found that it was considerably colder than the air a few 
feet above it, from whieh the dew was shortly after precipitated. 

Emily. But why should the earth cool in the evening sooner 
than the atmosphere ? , 

Mrs. B. Because it parts with its heat more readily than the 
air ; the earth is an excellent radiator of caloric, whilst the at- 
mosphere does not possess that property, at least in any sensi- 
ble degree. Towards evening, therefore, when the solar heat 
declines, and when after sunset it entirely ceases, the earth 
rapidly cools by radiating heat towards the skies ; whilst the. 
tax has no means of parting with its heat but by coming into 
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Contact with tb^ cooled surface of the earth, to which it com- 
municates its caloric. Its solvent pcrwer being thus reduced, 
it is unable to retain so large a portion of watery vapour, and 
deposits those pearly drops which we call dew. 

Emily, If this be the cause of dew, we need not be appre- 
hensive of receiving any injury from it ; for it can be deposi- 
ted only on surfaces that are colder than the atmosphere, which 
is never the case with our bodies. 

Mrs. B, Very true 5 yet I would not advise you for this rea- 
son to be too confident of escaping all the ill effects which may 
arise from exposure to the dew ; for it may be deposited on 
your clothes, and chill you afterwards by its evaporation from 
them. Besides, whenever the dew is copious, there is a chill in 
the atmosphere which it is not always safe to encounter. 

Caroline. Wind, then, must promote the deposition of dew, 
by bringing a more rapid succession of particles of air in con- 
tact with the earth, just as it promotes the cooling of the earth 
and warming of the atmosphere during the heat of the day ? 

iWr». B. Yes ; provided the wind be unattended with clowis^ 
for these accumulations of moisture not only prevent the free 
radiation of the earth towards the upper regions, but themselves 
radiate towards the earth ; under these circumstances much 
less dew is formed than on fine clear nights, when the radiatitm 
of the earth passes without obstacle through the atmosphere to 
the distant regions of space, whence it receives no caloric in 
exchange. The dew continues to be deposited during the night, 
and is generally most abundant toward3 morning^ when the 
contrast between the temperature of the earth and that of the 
air is| greatest. After sunrise the equilibrium of temperature ' 
between these two bodies is gradually restored by the solar 
rays passing freely through the atmosphere to the earth; and 
later in the morning the temperature of the earth gains the as- 
cendency, and gives out caloric to the air by contact, in the same 
manner as it receives it^from the air during the night. 

Can you tell me, now, why a bottle of wine taken fresh (torn 
the cellar (in summer particularly,) will soon be covered with 
dew ; and even the glasses into which the wine is poured will 
' be moistened with a similar vapour ? 

Emily. The bottle being colder than the surrounding air, 
must absorb caloric from it ; the moisture therefore which that 
air contained becomes visible, and forms the dew which is de- 
posited on the bottle. 

.¥r8. ft. Very well, Emily. Now, Caroline, can you inform 
me why, in a warm room, or close carriage, the contrary effect 
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takes place ; that is to say, that the inside of the windows is 
covered with vapour ? 

Caroline. I have heard that it proceeds from the breath of 
those within the room or the carriage ; and I suppose it is occa- 
sioned by the windows which, being colder than the breath, de» 
prive it of part of its caloric, and by this means convert it into 
watery vapour. 

Mrs. B. You hkve both explained it extremely well Bod- 
ies attract dew in proportion as they are good radiators of can 
loric, as it is this quality which reduces their temperature be^ 
low that of the atmosphere ; hence we find that little or no dew 
is deposited on rocks, sand, water ; while grass and living veg- 
etables, to which it is so highly beneficial, attract it in abund- 
ance — another remarkable instance of the wise and bountiful 
dispensations of Providence. 

Emily. And we may again observe it in the abundance of 
dew in summer, and in hot climates, when its cooling effects are 
.so much required; but I do not understand what natural cause 
increases the dew in hot weather ? 

Mrs. B. The more caloric the earth receives during the day, 
the more it will radiate afterwards, and consequently the more 
rapidly its temperature will be reduced in the evening, m com- 
parison to that of the atmosphere. In, the West Indies espe- 
cially, where the intense heat of the day is strongly contrasted 
with the coolness of the evening, the dew is prodigiously abun- 
dant. During a drought, the dew is less plentiful, as the earth 
is not sufficiently supplied with moisture to be able to saturate 
the atmosphere. 

Caroline. I have often observed, Mrs. B., that when I walk 
out in frosty weather, with a veil over my face, my breath free- 
zes upon it« Pray what is the reason of that ? 

Mrs. B.^ It is because the cold air immediately seizes on the 
caloric of your breath, and by robbing it of its solvent, reduces 
it to a denser fluid, which is the watary vapour that settles on 
your veil, and there it continues partii% with its caloric till it is 
brought down to the temperature of the atmosphere, and as* 
sumes the for^i of ice. ^ 

You may, perhaps, have observed that the breath of animals, 
or rather the moisture contained in it, is visible in damp weath- 
er, or during a frost. In the former case, the atmosphere being 
over-saturated with moisture, can dissolve no more. In the lat- 
ter, the cold condenses it into visible vapour; and for the same 
leason, the steam arising from water that is warmer than the at- 
mosphere, becomes visible. Have you never taken notice of 
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the v^buir rising from your hands after having dipped them 
into wkrm water ? 

* Caroline, Frequently, especially in frosty weather. 

Mtn, i. We have already observed that pressure is an ob- 
stacle to evaporation : there are liquids which contain so great 
a quantity of caloriC) and whose particles consequently adhere 
so slightly together, that they may be rapidly converted into va- 
poiir without any elevation of temperature, merely by taking off 
the weight of the atmosphere. In such liquids, you |)erceive, 
St is the pressure of the atmosphere alone that connects their 
particles, and keeps them in a liqiHd state. 

Caroline, I do not well understand why the particles of 
such fluids should be disunited and converted into vapour, with- 
out any elevation of temperature, in spite of the attraction of 
cohesion. 

Mr€. B. It is because the degree of heat at which we usually 
observe these fluids is suflicient to overcome their attraction of 
cohesion. Ether is of this description ; it will boil and be con- 
verted into vapour, at the common temperaiure of the air, if 
the pressure of the' atmosphere be taken ofi*. 

Emily. 1 thought that ether would evaporate without either 
the pressure of the atmosphere being taken away, or heat appli- 
ed ; and that it was for that reason so necessary to keep it care- 
fully corked up ? 

j^Jrs, iJ, It is true it will evaporate, but without ebulMtion ; 
what I am now speaking of is the vaporization of ether, or its 
conversion into vapour by boiling. lam going to show you 
how suddenly the ether in this phial will be converted into va- 
pour, by means of the air-pump. — Observe with what lapidity 
the bubbles ascend, as I take off the pressure ol" the atmosphere. 

Caroline. It positively boils : how singular lo see a liquid 
boil without lieat ! 

Mrs. B. Now I shall place the phial of ether in this glass, 
which it nearly fits, so as to leave only a small space, whi<h I 
fill with water; and in this state I put it again under the rereiv- 
«r. (Plate IV. Fig. I.)* — You wilhobserve, as I exhaust the 
air from it, that whilst the ether boils, the water freezes. 

•Two pieces of thin glass tut^cs, sealed atone end m^eiit answer this 
purpose better. The experiment, ho we? er, as here d^'Stii Wed, is diffi^ 
cult, and requift^s a vt-ry nice apparatus. But ii", instead ot phials or 
tubes, two watch glasses be used, water may bp frox- n almost instant- 
ly in the same manner. The two glasses are plared over one another. 
With a few drops of water interposed between them, i^n^ the uppermost 
glass is filled with ether. After working the pump /or a mujiite or 
two, the glasses are found to adhere strongly together, and a thia lay- 
^ of ice is seen between them* 

6* 
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Caroline. It is indeed wonddrful to see wat^r freeze In toti* 
tact with a boiling fluid ! . 

Emily. I am at a loss to conceive how the ether can pass Xa 
the state of vapour without an addition of caloric. Does it not 
contun more caloric in a state of vapour, than in a state of li- 
quidity? 

Mrs, B. It certainly does 5 for though it is the pressure of 
the atmosphere which condenses it into a liquid, it is by forcing 
out the caloric that belongs to it when in an aeriform state. 

Emily. You have, therefore, two difficulties to explain, Mrs. 
B. — First, whence the ether obtains the caloric necessary to 
convert it into vapour when it is relieved from the pressure of 
the atmosphere; and, secondly, what is the reason that the wa- 
ter, in which the bottle of ether stands, is frozen ? 

Caroline. Now, I think, 1 can answer both these questions. 
The ether obtains the addition of caloric required, from the 
water in the glass; and the loss of caloric, which the latter sus« 
tains, is the occasion of its freezing. 

JV/r«. B. You are perfectly right 5 and if you look at the 
thermometer which 1 have placed in the tvater, whilst I am 
working the pump, you will see that every time bubbles of va- 
pour are produced, the mercury descends; which proves that 
the heat of the water diminishes in proportion as the ether 
boils. 

Emily. This I understand now very well ; but if the water 
freezes in consequence of yielding its caloric to the ether, the 
equilibrium of heat must, in this case, be totally destroyed. 
Yet you have told us, that the exchange of caloric between two 
bodies of equal temperature, was always equal; how, then, is 
it that the water, which was originally of the same temperature 
as the ether, gives out caloric to it, till the water is frozen, and 
' the ether made to boil ? 

Mrs. B. I suspected that you would make these objections ; 
and, in ordfer to remove them, 1 enclosed two thermometers in 
the air-pump ; one of which stands in the glass of water, the 
other in the phial of ether; and you may see that the equilib- 
rium of temperature is not destroyed ; for as the thermometer 
descends in the water, that in the ether sinks in the same man- 
ner ; so that both thermometers indicate the same temperature, 
though one of them is in a boiling, the other in a freezing li- 
quid. 

Emily. The ether, then, becomes colder as it boils ? This is 
$0 contrary to common experience, that I confess it aistonishes 
me exceedingly. 
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CafoUne* It is, indeed, a most extraordinary cireunistancer 
But pray, how do you account for it ? 

Mrs. B. I cannot satisfy your curiosity at present; for be- 
fore we can attempt to explain this apparent paradox, it is 
necessary to become acquainted with tiie subject of latent 
HEAT ; and that, I think, we must defer till our next interview. 

Caroline, I believe, Mrs. B., that you are glad to put off the 
explanation ; for it must be a very difficult point to account for. 

Mrs. B, I hope, howev:er, that I shall do it to your complete 
satisfaction. 

Emily. But before we part, give me leave to ask you one 
question. Would not water, as well as ether, boil with less 
heat, if deprived of the pressure of the atmosphere ? 

Mrs. B, Undoubtedly. You must always recollect that there 
are two forces to overcome, in order to make a liquid boil or 
evaporate; the attraction of aggregation, and the weight of the 
atmosphere. On the summit of a high mountain (as Mr. Ue 
Saussure ascertained on Mount Blanc) much less heat is requii* 
red to make water boil, than in the plain, where the weight of 
the atmosphere is greater.* Indeed if the weight of the atmos- 
phere be entirely .removed by means of a good air-pump, and 
if water be placed in the exhausted receiver, it will evaporate 
so fast, however cold it m^y be, as to give it the appearance of 
boiling from the surface. But without the assistance of the 
air pump, I can show you a very pretty experiment, which 
proves the effect of the pressure of the atmosphere in this re* 
spect. 

Observe, that this Florence flask is about half full of water, and 
the upper half of invisible vapour, the water being in the act of 
boiling. — I take it from the lamp, and cork it carefully — ^the 
water, you see, immediately ceases boiling. — I shall now dip 
the flask into a bason of cold water.t 

CarcMne. But look, Mrs. B., the hot water begins to boil 
again, although the cold water must rob it more and more of 
its caloric ? What can be the reason oi that ? 

Mrs. B. Let us examine its temperature. You see the ther- 
mometer immersed in it remains stationary at 150 degrees, 
which is about 30 degrees below the boiling point. When I 
took the flask from the lamp, I observed to you that the upper 

* On the top of Mount Blaoc, water boiled when heated only to 
187 degrees, instead of 212 degrees. 

t the same effect may be produced by wrapping a cold wet linen 
cloth round the upper part of the flask. In order to, show how much 
the water cools whilst it is boiUng, a thermometer, graduated on flie 
tube itself, may be introduced into the bottle through the cork. 
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part of it was filled with vapour ; this being compelled to yield 
its caloric to the cold water, was again condensed into water.— 
What, then, filled the upper part of the flask ? 

Emily. Nothing; for it was too well corked for the air to 
gain admittance, and therefore the upper part of the flask must 
be a vacuum, 

Mrs. H. The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a much 
lower temperature. Tlius, you see, though it had lost many de- 
grees of heat, it began boiling again the instant the vacuum was 
formed above it. The boiling has now ceased, the tempera- 
ture of the water being still farther reduced 5 if it had beea 
ether, instead of water, it would have continued boiling much 
longer, for ether boils, under the usual atmospheric pressure, at 
a temperature as low as iOO degrees ; and in a vacuum it boils 
at almost any temperature^ but water being a more dense fluid^ 
requires a more considerable quantity of caloric to make it evap«> 
orate quickly, even when the pressure of the atmosphere is re- 
moved. 

Emily. What proportion of vapour can the atmosphere con- 
tain in a state of solution ? 

Mrs. JB. I do not know whether it has been exactly ascer- 
tained by experiment ; but at any rate this proportion must va- 
ry, both according to the temperature and the weight of the at- 
mosphere ; for the lower the temperature, and the greater the 
pressure, the smaller must be the proportion of vapour that the 
atmosphere can contain. 

To conclude the subject of free caloric, I should mention 
Igvition^ by which s meant that emission of light which is pro- 
duced in bodies at a very high temperature, and which is the 
efiect of accumulated caloric. 

Emily. You mean, I suppose, that light which is produced 
by a burning body ? 

Mrs. B. No: ignition is quite independent of combustion* 
Clay, chalk, and indeed all incombustible substances, may be 
made red hot. When a body burns, the light emitted is the 
eflect of a chemical change which takes place, whilst ignition 
is the eflect of caloric alone, and no other change than that of 
temperature is produced in the ignited body. 

All solid bodies, and most liquids, are susceptible of ignition, 
dr, in other words, of being heated so as to become luminous ; 
and it is remarkable that this takes place pretty nearly at the 
same temperature in all bodies, that is, at about 800 degrees of 
Fahrenheit's scale. ^ 
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Emify. But bow can liquids attain so high a temperature, 
without being converted into vapour ? 

Mrs. B, By means of confinement and pressure. Water 
eonfiued in a strong iron vessel (called Papin's digester) can 
liave its temperature raised to upwards of 400 degrees. Sir 
James Hall has made some very curious experiments on the ef- 
fects of heat assisted by pressure; by means of strong gun- 
barrels, he succeeded in melting a variety of substances which 
were considered as infusible ; and it is not unlikely that, by 
similar methods, water itself might be heated to redness. 

Emily. I am surprised at that : for I thought that jhe force 
of steam was such as to destroy almost all mechanical resist- 
ance. 

•Mrs. B, The expansive force of steam is prodigious ; but in 
order to subject water to such high temperatures, it is prevent- 
ed by confinement from being converted into steam, and the 
expansion of heated water is comparatively trifling. — But we 
have dwelt so long on the subject of free caloric, that we must 
reserve the other modifications of that agent to our next meet^ 
ing, wben we shall endeavour to proceed more rapidly. 



eONVERSATION IV- 

ON COMBINED CALORIC, COMPREHENDING SPECIFIC 
AND LATENT HEAT. 

Mrs. B. We are now to examine the other modifications of 
Galoric. ^ 

Caroline. I am very curious to know of what nature they can 
be ; for I have no notion of any kind of heat that is not per- 
ceptible to the senses. 

Mrs. B. In order to enable you to understand them, it will 
be necessary to enter into some previous explanations. 

It has been discovered by modern chemists, that bodies of a 
difierent nature, heated to the same temperature, do not con- 
tain the same quantity of caloric. 

CaroUne. How could that be ascertained ? Have you not 
told us that it is impossible to discover the absolute quantity of 
caloric which bodies contain ? 

Mrs. B. True 5 but at the same time I said that we were 
enabled to form a judgment of the proportions which bodies 
bore to each other in this respect. Thus it is found that, in 
order to raise the temperature of difi*erent bodies the same 
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number of degrees, different quantities of caloric are required , 
for each of them. If, for instance, you place a pound of lead, 
a pound of chalk, and a pound of milk, in a hot oven, they will 
be gradually heated to the temperature of the oven ; but the 
lead will attain it first, the chalk next, ^nd the milk last. 

Caroline, That is a natural consequence of their different 
bulks ; the lead, beingthe smallest body, will be heated soonest, 
and the milk, which is the largest, will require the longest 
time. 

Mrs. B. That explanation will not do, for if the lead be the 
least iq^ bulk, it offers also the least surface to the caloric, the 
quantity of heat therefore which can enter into it in the same 
space of time is proportionally smaller. 

Emily. Why, then, do not the three bodies attain the tem- 
perature of the oven at the same time ? 

Mrs, B. It is supposed to be on account of the different 
capacity of these bodies for caloric. 

Caroline. What do you mean by the capacity of a body for 
caloric? 

Mrs. B. I mean a certain disposition of bodies to require 
more or less caloric for raising their temperature to any degree 
of heat. Perhaps the fact may be thus explained : 

Let us put as many marbles into this glass as it will contain^ 
and pour some sand over them— observe how the sand pene- 
trates and lodges between them. We shiall now fill another 
glass with pebbles of various forms — you see that they arrange 
themselves in a more compact manner than the mal'bles, which, 
being globular, can touch each other by a single point only. 
The pebbles therefore, will not admit so much sand between 
them ; and consequently one . of these glasses will necessarily 
contain more sand than the other, though both of them be 
equally full. 

Caroline. This I understand perfectly. The marbles and 
the pebbles represent two bodies of different kinds, and the 
sand the caloric contained in them ; and it appears very plain, 
from this comparison, tha^ one body may admit of more caloric 
between its particles than another. 

Mrs. B. You can no longer be surprised, therefore, that bod- 
ies of a different capacity* for caloric should require different 
proportions of that fluid to raise their temperatures equally. 

Emily. But I do not conceive why the body that contains 
the most caloric should not be of the highest temperature ; 
that is to sa}', feel hot in proportion to the quantity of caloric 
it contains. 

Mrs. B. The caloric that is employed in filling th^ capacity 
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of a body, is not free caloric ; but is imprisoned as it were in 
the body, and is therefore imperceptible : for we can feel only 
the caknic which the body parts with, and not that which it re^ 
tains. 

CaroUne. It appears to me very extraordinary that heat 
should be confined in a body in such a manner as to be imper- 
ceptible. 

Mrs. B. If you lay your hand on a hot body, you feel only 
the caloric which leaves it, and enters your hand ; for it is im- 
possible that you should be sensible of that which remains in 
the body. The thermometer, in the same manner, is affected 
only by the free caloric which a body transmits to it, and not 
at all by that which it does not part with. 

Caroling, I begin to understand it : but I confess that the 
idea of insensible heat is so new and strange to me, that it re- 
quires some time to render it familiar. 

Mrs, B. Call it insensible caloric, and the difficulty will ap- 
pear much less formidable. It is indeed a sort of contradic- 
tion to call it heat, when it is so situated as to be incapable of 
producing that sensation. Yet this modification of caloric is 
commonly called specific heat. 

Caroline. But it certainly would have been more correct to 
have called it specifiic caloric. ■ 

Emily. I do not understand how the term specific applies to 
this modification of caloric ? 

Mrs. B* It expresses the relative quantity of caloric which 
different species of bodies of the same weight and temperature 
are capable of containing. This modification is also frequently 
called heat of capacity y a term perhaps preferable, as it ex- 
plains better its own meaning. 

You now understand, I suppose, why the milk and chalk re- 
quired a longer portion of time than the lead to raise their tem- 
perature to that of the oven ? 

Emily. Yes : the milk and chalk having a greater capacity 
for caloric than the lead, a greater proportion of that fluid be- 
came insensible in those bodies : and the more slowly, thereforCi 
their temperature was raised. 

Caroline. But might not this difference proceed from the dif- 
ferent conducting powers of heat in these three bodies, since 
that which is tht best conductor must necessarily attain the 
temperature of the oven first ? 

Mrs.-B Very well observed, Caroline. This objection 
would be insurmountable, if we could not, by reversing the ex- 
periment, prove that the milk, the chalk, and the lead, actually 
absorbed different quantities of caloric^ and we know that if the 
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different time they took in heating, proceeded merely from their 
different t^onducting powers, they would each have acquired an 
equal quantity of caloric. 

Caroline. Certainly, But how can you reverse this experi- 
ment ? 

Mrs. B. It may be done by cooling the several bodies to the 
same degree in an apparatus adapted to receive and measure 
the caloric which they give out. Thus, if you plunge them in- 
to three equal quantities of water, each at the same temperature, 
you will be able to judge of the relative quantity of caloric which 
the three bodies contained, by that, which, in cooling, they com- 
municated to their respective portions of water : for the same 
quantity of caloric which they each absorbed to raise their tem- 
perature, will abandon them in lowering it ; and on examining 
the three vessels of water, you will find the one in which you 
immersed the lead to be the least heated ; that which held the 
chalk will be the next ; and that which contained the milk will 
be heated the most of all. The celebrated Lavoisier has inven- 
ted a machine to estimate, upon this principle, the specific heat 
of bodies in a more perfect manner ; but I Cannot explain it to 
you, till you are acquainted with the next modification of ca- 
loric. 

Emily. The more dense a body is, I suppose, the less is its 
capacity for caloric ? 

Mrs. B. This is not always the case with bodies of difierent 
nature ; iron, for instance, contains more specific heat than tin, 
though it is more dense. This seems to show that specific heat 
does not merely depend upon the interstices between the parti- 
cles ; but, probably, also upon some peculiar constitution of 
the bodies which we do not comprehend. 

Emily. But, Mrs. B., it would appear to me more proper to 
compare bodies by measure, rather than by weight, m order to 
estimate their specific heat. Why, for instance, should we 
not CQiiip^re pints of milk, of chalk, and of lead, rather than 
paands of those substances ; for equal weights may be compo- 
sed of very different quantities ? 

Mrs. B. You are mistaken, my dear ; equal weight must 
contain equal quantities of matter ; and when we wish to know 
what is the relative quantity of caloric which substances of va- 
rious kinds are capable of containing under the same tempera- 
ture, we must compare equal weights, and not equal bulks of 
those substances. Bodies of the same weight may undoubtedly 
be of very difierent dimensions ; but that does not change 
their real quantity of matter. A pound of feathers does not 
contain one {^om more than a pound of lead. 
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CaroUne, I huve another difficulty to propose. It appears 
to me, that if the temperature of the three bodies in the oven 
did not rise equally, they would uever reach the same degree ; 
the lead would always keep its advantage over the chalk and 
milk, and would perhaps be boiling before the others had at- 
tained the tempeiature of the oven. I think you might as well 
say that, in the course of time, you and I should be of the same 
age? 

Mrs. B, Your comparison is not correct^ Caroline. As soon 
as the lead reached the temperature of the oven, it would re- 
main stationary 5 for it would then give out as much heat as it 
would receive. You should recollect that the exchange of ra- 
diating heat, between two bodies of equal temperature, is equal : 
it would be impossible, therefore, for the lead to accumulate 
heat after having attained the temperature of the oven 5 and 
that of the chalk and milk therefore would ultimately arrive at 
the same standard. Now I fear thai this will not hold good 
with respect to our ages, and that, as long as 1 live, I shall nev- 
er cease to keep my advantage over you. 

Emily, I think that I have found a comparison 'for speciiic 
heat, which is very applicable. Suppose that two men of equal 
weight and bulk, but who required different quantities of food 
to satisfy their appetites, sH down to dinner,, both equally hun- 
gry^ the one would consume a much greater quantity of provi- 
sions than the other, in order to be equally satisfied. 

Mrs. B. Yes, that is very fair; for the quantity of food ne- 
cessary to satisfy their respective appetites, varies in the sume 
manner as the quantity of caloric requisite to raise equally the 
temperature of different bodies. 

Emily. The thermometer, then, affords no indication of the 
specific heat of bodies ? 

Mrs, B: None at all : no more than satiety is a test of the 
quantity of food eaten. The thermometer, as I have repeat* 
ediy said, can be affected only by free caloric, which alone rai- 
ses the temperature of bodies. 

But there is another mode of proving the exbtence of spe^ 
cific heat, which affords a very satisfactory illustration of that 
Qiodtfication. This, however, I did not enlarge upon before, 
as I thought it might appear to yoti rather complicated.-^If 
you mix two fluids of different temperatures, let us say theonea^t 
50 degrees, and the other at 100 degrees, of what temperature 
do vou suppose the mixture will be ? 

Caroline. It will be no doubt the medium between the two, 
that b to say, 75 d^rees. 
Mrs^^B. That wUl be the case if the tiro bodiei happjen t6 

T 
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havethe same capacity for caloric; but if not, a different rew 
suit will be obtained. Thus, for instance, if you mix togeth- 
er a pound of mercury, heated at 50 degrees, and a pound of 
water heated at 100 degrees, the temperature of the mixture, 
instead of being 75 degrees, will be 80 degrees ; so that the wa- 
ter will have lost only 12 degrees, whilst the mercury wiH have 
gained 38 degrees ; from which you will conclude that the ca- 
pacity of mercury for heat is less than that of water. 

Caroline, I wonder that mercury should have so little spe- 
cific heat. Did we not see it was a much better conductor of 
heat than water ? 

Mrs. B. And it is precisely on that account that its specific 
heat is less. For since the conductive power of bodies de- 
pends, a^ we have observed before, on their readiness to receive 
beat and part with it, it is natural to expect that those bodies 
which are the worst conductors should absorb the most caloric 
before they are disposed to pait with it to other bodies. But 
let us now proceed to latent heat. ( 

Caroline. And pray what kind of heat is that ? 

Mrs. B. It is anotlier modification of combined caloric, 
l^hich is so analogous t» specific heat, that most chemists make 
no distinction between them 5 but Mr. Pictet, *in his Essay on 
Fire, has so clearly discriminated them, that I am induced to 
adopt his view of the subject. We therefore call latent heat 
that portion of insensible caloric which is employed in changing 
Ihe state of bodies ; that is to say, in converting solids into li- 
quids, or liquids into vapour. When a body changes its state 
from solid to liquid, -or from liquid to vapour, its expansion oc- 
catHons a sudden and considerable increase of capacity for heat, 
in consequence of which it immediately absorbs a quantity of 
caloric, which becomes fixed in the body it has transformed ^ 
and, as it is perfectly concealed from our senses, it has obtained 
the name of lateiit heat. 

Caroline. I think it would be much more correct to call this 
modification latent caloric instead of latent heat, since it does 
not excite the sensation of heat. 

Mrs, B. This modification of heat was discovered and na- 
med by Dr. Black long before the French chemists introduced 
the term caloric, and we itiust not presume to alter it, as it is 
still used by much better chemists than ourselves. Besides, 
you are not to suppose that the nature of heat is altered by be- 
ing variously modified : for if latent heat and specific heat do 
not excite the same sensations as free caloric, it is owing to their 
being in a state of confinement, which prevents them from ac- 
img upon (KBT organi i atid conseqnendyi as soon as they are 
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<-xtricated froni the body in whkhthey are imprisoned^ they re- 
tarn to their state of free caloric 

' Emily. But I do not yet clearly see in what respect latent 
heat differs from speci^c h^at 5 for they are both of them im- 
prisoned and concealed in bodies. 

Mrs. B. Specific heat is that which is employed in filling the 
capacity of a body for caloric, in the state in which this body ac- 
tually exists ; while latent heat is that which is employed only 
in effecting a change of state, that is, in converting bodies from 
a solid to a liquid, or frOm a liquid to an aeriform state. But I 
think that, in a general point of view, both these modifications 
might be comprehended under the name of heat of capacity, as 
in both cases the caloric is equally engaged in filling the capaci- 
ties of bodies. 

I shall now show you an experiment, which I hope will give 
you a clear idea of what is understood by kten't heat. 

The snow which you see in this phial has been cooled by 
certain chemical means (which i cannot well explain to you at 
present,) to five or six degrees below the freezing point, as you 
will find indicated by the thermometer which is placed in it. 
We shall expose it to the heat of a lamp, and you will see the 
thermometer gradually rise, tilHt reaches the freezing point — *- 

Emily. But there it stops, Mrs. B., and yet the lamp burns 
just as well as before. Why is not its heat communicated to 
the thermometer ? 

Caroline. And the snow begins to tnelt, therefore it must be 
rising above the freezing point ? 

Mrs. B. The heat no longer affects the thermometer, because 
it is wholly employed in converting the ice into water. As the 
ice melts, the caloric becomes latent in the new-formed liquid, ' 
and therefore cannot raise its temperature ; and the thermome- 
ter will consequently remain stationary, till the whole of the ice 
be melted. 

Caroline. Now it is all melted, and the thermometer begins 
to rise again. 

Mrs. B. Because the conversion of the ice into water being 
completed, the calorie no longer becomes latent; and therefore 
fhe heat which the water now receives raises its temperature, as 
you find the ihamometer indicates. 

Emily. But I do not think that the thermometer rises so 
quickly in the water as it did in the ice, previous to its begin- 
ning to melt, though the lamp burns equally well ? 

.Vlrs. B. That is owing to the different specific Iwat of ice 
and water. The capacity of water f(^ galoric being |;reater ' 
than that of ice, more heat is required to raise Its temperature, 
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nod therefore the thermometer rises slower in the water than in 
the ice. 

Emily, True ; you said that a solid body always increased 
its capacity for heat by becoming fluid ; and this is an instance 
of it. 

Mrs. B. Yes ; and the latent heat is that which is absorbed 
in consequence of the greater capacity which the water has for 
heat, in comparison to ice. 

I must now tell you a curious calculation founded oh that 
consideration. I have before observed to you that though the 
theiyiaoraeter shows us the comparative warmth of bodies, and 
enables us to determine the same point at different times and 
places, it gives us no idea of the absolute quantity of heat in 
any body. We cannot tell how low it ought to fall by the pri- 
vation of all heat, but an attempt has been made to infer it in 
the following manner. It has been found by experiment, that 
the capacity of water for heat, when compared with that of 
ice, isas lOtol>; so that, at the same temperature, ice con- 
tains one-tenth of caloric less than water. By experiment also 
it is observed, that in order to melt ice, there must be added to 
it as much heat as would, if it did not melt it, raise its temper- 
ature 140 degrees.* This quantity of heat is therefore absorb- 
ed when the ice, by being converted into water, is made to 
contain one-ninth more caloric than it did before. Therefore 
140 degrees is a ninth part of the heat contained in ice at 30 
degrees ; and the point of zero, or the absolute privation of 
heat, must consequently be 1260 degrees below 32 degrees.t 

Thb mode of investigating so curious a question is ingenious, 
but its correctness is not yet established by similar calculations 
for other bodies. The pointe of absolute cold, indicated by 
this method in various bodies, are very remote from each other ; 
it is however possible, that this may arise from some imperfec- 
tion in the experiments. 

Caroline* It is indeed very ingenious — but we must now at- 
tend to nur present experiment. The water begins to boil,^ 
and the thermometer is again stationary. 

* That is, water contains 140 degree* of heat more than is indica* 
ted by the thermometer. C. 

t This calculation was made by Dr. Irvine. Dr. Crawford after- 
wards placed the real zero at 1500 degrees below theO of Fahrenheit. 
Still later Mr. DaJton has turnipd his attention to the same subject. 
The mean of his experiments places the real zero 600t) deijrees below 
the freezing point. All this goes to show that very little has yet been 
demonstrated on this difficult question. , C. 



Mr^. S. Well^ CarolinB, it b your tara to explain ihe phe- 
nomenon. ' 

CaroUne. It is wonderlully curious ! The caloric is now bu- 
sy in changing the water into steam, in which it hides itselt, and 
becomes insensible. This is another example of latent heat, 
producing a change of form. At first it converted a solid bo- 
dy into a liquid, and now it turns the liquid into vapour ! 

Mr9> B, You see, my dear, how easily you have become ac- 
quainted with these modifications of insensible heat, which at' 
first appeared so unintelligible. If, now, we were to reverse* 
these changes, and condense the vapour into water, and the wa- 
ter into ice, the ktent heat would re-appear entirely, in the form 
•f free caloric; ' 

Emily. Pray do let us see the eflTect of latent heat returning 
to its free state^v 

Mr8. J5. For the purpose of showing this, we need simply 
conduct the vapour through this tube into this vessel of cold wa-' 
ter, where it will part with its latent heat and return to its liquid 
form. 

Emily, How rapidly the steam heats the water ! 

Mrs, J5. That is because it does not merely impart its free" 
caloric to the water, but likewise its latent heat. This method 
of heating liquids, has been turned to advantage, in several 
economical establishments. The steam-kitchens, which are 
getting into such general use, are upon the same principle. The 
steam is conveyed through a pipe in a similar manner, into the 
several vessels which contain the provisions to be dressed, wLie?e 
it communicates to them its latent caloric, and returns to the 
state of water. Count Rumford makes great use of this princi- 
ple io many of his fire-places : his grand maxlra is to avoid all 
unnecessary waste of caloric, for which purpose he confines the 
heat in such a matwer, that not a particle of it shall unnecessasp 
rily escape; and while he economises the free caloric, he takes 
<are also to tura the latent heat to advantage. It is thus that 
he is enabled to produce a degree of heat superior to that which 
is obtained in common fire-places, though ha employs less fueL 

Emily. When the advantages of such contrivances are so 
clear and plain, I cannot understand why they are not univer- 
sally used. 

Mrs. B. A long time is always required before innovations, 
however useful, can be reconciled with the prejudices oi the 
vulgar. 

Emily. What a pity it is that there should be a prejudice 
gainst Bew taventions 5 how much more rapidly the world 
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would improve, if such useful dtscoveriet were immediate and 
universally adopted ! 

Mrs, B, I believe, my dear, that there are as many novelties 
attempted to be introduced, the adoption of which would be 
piejudicial to soeiety, as there are of those which would be 
beneficial to it. The well-inforoied, though by no means ex- 
empt from error, have an unquestionable advantage over the 
illiterate, in judging what is likely or not to prove serviceable^ 
and therefore we find the former ipore rea(Jy to adopt such dis- 
coveries as promise to be really advantageous, than the latter, 
who having no other test of the value of a novelty but time and 
experience, at first oppose its introduction. The well-inform- 
ed, however, are frequently disappointed in their most san- 
guine expectations, and the prejudices of the vulgar, though 
ttiey often retard the progress of knowledge, yet sometimes, it 
must be admitted^ prevent the propagation of error. — But we 
are deviating from our subject 

We have converted steam into water, and are now to change 
water into ice, in order to render the latent heat sensible, as it 
escapes from the water on its becoming solid. For this purpose 
we nUist produce a degree of cold that will make water freeze. 

Caroline, That must be very difficult to accomplish in this 
warm room. 

Mr$. B. Not so much as you think. There are certain 
chemical mixtures which produce a rapid change from the solid 
to the fluid state, or the reverse, in the substances combined, in 
consequence of which change latent heat is either extricated or 
absorbed. 

Emily, I do not quite understand you. 

Mrs. B. This snow and salt, which you see me mix togeth- 
er, are melting rapidly ; heat, therefore, must be absorbed by 
the mixture, and cold produced. 

Caroline, It feels even colder than ice, and yet the snow is 
melted. - This is very extraordinary. 

Mrs. B. The cause of the intense cold of the mixture is to 
be attributed to the change from a solid to a fluid state. The 
union of the snow and salt produces a new arrangement of 
their particles, in consequence of which they become liquid ; 
and the quantity of caloric,' required to effect this change, is 
seized upon by the mixture wherever it can be obtained. This 
eagerness of the mixture for caloric, during its liquefaction, is 
such, that it converts part of its own free caloric into latent 
heat, and it is thus that its temperature is lowered. 

Emily. Whatever you^ pqt in this mixture,, therefore, woulcf 
fteeze ? 



Ab'B, B. Yes y at least any flmd that is susceptible of freezing 
at that temperature* I have prepared this mixture of salt and 
snow for the purpose of freezing the water from which you are 
desirous of seeing the latent heat escape. I have put » tbejr« 
mometer in tlie glass of water that is to be frozen^in order 
that you may see how it cools. 

Ccwoline. The theriHometer descends, but the heat which 
the water is now losing, is its/ree, not its latent heat. 

Mrs. h. Certainly ; it does not part with its latent heat till il 
changes its state and is converted into ice. 
. Emily. But here is a very extraordinary circumstance ! The 
thermometer has fallen below the freezing point, and yet the 
water is not frozen.* 

jVJrs, a. That is always the case previous to the freezing of 
water when it is in a state of rest. Now it begins to congeal, 
and you may observe that the thermometer c^ain rises to the 
freezing point. 

CaroUrte, it appears to nie very strange that the thermome- 
ter should rise the very moment that the water freezes ; for it 
seems to imply that the water was colder before it froze than 
when in the act of freezing. 

Mrs. B, It is so ; and after our long dissertation on this cir« 
cumstance, I did not think it would appear so surprising to you. 
Reflect a little, and I think yon will discover the reason of it. 

Caroline. It must be, no doubt, the extrications of latent 
beat, at the instant the water freezes, which raises the temper- 
ature. 

Mrs. B. Certainly 5 and if you now examine the thermome- 
ter, you will find that its rise was but temporary, and lasted on- 
ly during the disengagement of the latent heat — now that all the 
water is frozen it falls again, and will continue to fall till the ice 
and mixture are of an equal temperature. 
. Emily. And can you show us any e^cperiments in which li- 
quids, by being mixed, become solid, and disengage latent heat? 

Mrs. B. I could show you several ; but you are not yet suf- 
ficiently advanced to understand them well. I shall, however, 
try one, which will afford you a striking instance of the fact. 
l%e fluid which you see in this phial consists of a quantity of 
a certain salt called muriat of lime, dissolved in water. Now, 

♦ To make this experiment striking, the glass containing the water 
and thermometer ought to be kept perfectly still until the mercury 
sinks below the freezing point Then agitate the watet, or drop into 
it a small piece of ice, and it instantly shoots into crystal?, and the 
thermometeF rises. C. . 
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ii I jjour into it a few drops of this other flnid, called sulphuric 
^idy the whole, or very nearly the whole, will be instantane- 
ously converted Into a solid mass. 

Emily, How white it turns ! I feel the latent heat escaping, 
for the bottle is warm, and the fluid is changed to a solid white 
substance like chalk !^ 

CaroUne, This is, indeed, ^e most curious experiment we 
have seen yet. But pray what is that white vapour, which as" 
cends from the mixture? - 

Airs. B, You are not yet enough of a chemist to understand 
that. — But take care, Caroline, do not approach too near it, for 
it has a very pungent smell. 

[ shall show you another instance similar to that of the wa- 
ter, which you observed to become warmer as it froze. J have 
in this phial a solution of a salt called sulphat of soda or Glau- 
ber's salt, made very strong, and corked up when it was hot, and 
kept without agitation till it became cold, as you may feel the 
phial is. Now when 1 take out the cork and let the air fall upon 
it (for being closed when hoiling, there was a vacuum in the up- 
per part) observe that the salt will suddenly crystalize. ... 

Caroline, Surprising ! how beautifully the needles of salt 
have shot through the whole pliial I 

Mrs. B, Yes, it is very striking — ^but pray do not forget the 
object of the experiment. Feel bow warm the pliial has be- 
come by the conversion of part of the liquid into a solid. ' 

Emily B Quite warm I declare ! this is a most curious expe- 
riment of the disengagement of latent heat. 

Mrs. B, The slakeingof lime is another remarkable instance 
of the extrication , of latent heat. Have you never observed 
how quick-lime smokes when water is poured upon it, and how 
much heat it produces ? 

Caroline. Yes f but I do not undei stand what change of state 
takes place in the lime that occasions its giving out latent heat ;. 
for the quiek-lime, which is solid, is (if I recollect right) re- 
duced to powder^ by thiis operation, and is, therefore, rather 
expanded than condensed* 

Mrs, B, It is from the water, not the lime, that the latent 
heat is set free. The water incorporates with, and becomes 
solid in the lime ; in consequence of which the heat, which 

• The mlphuric acid by its stronger affinity for the lime, takes it 
from the mwriatic acid, unites with it, and forms sulphate of lime. The 
solidity is owing to the insolubility of this last substance in water. 
The experiment i^ucceeds well, if the water is, saturated with the Blii- 
riate. C. 
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kept it in a liquid state, is disedgaged, and escapes in a sensible 
form. 

Caroline. I always thought that the heat originated in the 
lime. It seems very strange that water, and cold water too, 
should contain so much heat. 

Emily. Af\erthis extrication of caloric, the water must exist 
in a state of ice in the lime, since it parts with the heat which 
kept it liquid. 

Mrs. B. It cannot properly be called ice, since ice implies a 
degree Of cold, at least equal to the freezing point. Yet as wa- 
ter, in combining with lime, gives out more heat than in free- 
zing, it must be in a state of still greater solidity in tlie lime, 
than it is in the form of ice ; and yon may have observed tliat 
it does not moisten or liquefy the lime in the smallest degree. 

Emily. But, Mrs. B., the smoke that rises is white ; if it 
was only pure caloric which escaped, we might feel, but could 
not see it. 

Mrs. B. This white vapour is formed by some of the parti- 
cles of fime, in a state of fine dust, which are carried off by 
the caloric. 

Emily. In alt changes of state, then, a body either absorbs 
•r disengages latent heat ? 

Mrs. B. You cannot "exactly say absorbs latent heat^ as thft 
lieat becomes latent only on being confined in the body; but 
you may say, generally, that bodies; in passing firom a solid to 
a liquid form, or from the liquid state to that of vapour, absorb 
heat; and that when the reverse takes place, heat is disenga- 
ged.* 

Emily. We can now, I think, account for the ether boilbg, 
and the water freezing in vacuo, at the same temperature.t 

Mrs. B. Let me hear you explain it. 

Emily. The latent heat, whidi the water gave out in freeaing, 
was immediately absorbed by the ether, during its conversion 
into vapoar ; and therefore, from a latent state in one liquid, it 
passed into a I atertt state in the other. 

Mrs. B. But this only partly accounts for the result of the 
experiment ; it remains to be explained why the temperature 
of the ether, while in a state of ebullition, is brought down to 
the freezing temperature of the water. — It is because the ether, 
daring its evaporation, reduces its own temperature, in the 
same proportion as that of the water^ byconvertfng its free ca- 

* This rule, if not unircrsaV admits of very few exceptiopss 
t See page 45, 
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loiic intd latent heat ; so that, thou^^h one liquid boils, and the 
other freezes, their temperaturcts remain m a state of equilibri- 
um. 

Emily » But why does not wjiter, as well as- ether, reduce its 
own temperature by evaporating ? 

Mrs. B, The fact is that it does, though much less rapidly 
than ether. Thus, for instan9^, you may often have observed, 
in the heat of summer, hcfw much any particular spot may be 
cooled by watering, though the water used for that purpose -be 
as warm as the air itself. Indeed so much cold may be produ- 
ced by the mere evaporation of water, that the inhabitants of 
India, by availing themselves of the most favourable circum- 
stances for this process which their warm climate can afford, 
namely, the cool of the night, and situations most exposed to 
the night breeze, succeed in causing water to freeze, though 
the temperature of the air be as high as 60 degrees. The wa- 
ter is put into shallow earthem trays, so as to expose an exten- 
sive surface to the process of evaporation, and in the morning, 
the water is found covered with a thin cake of ice, which is col- 
lected in sufficient quantity to be used for purposes of luxury. 

Caroline. How delicious it must be to drink liquids so cold 
in those tropical climates i But, Mrs. B., could we not try that 
experiment.^ 

Mrs . i?. If we were in the country, I have no doubt but 
that we should be able to freeze water, by the same means, and 
under similar circumstances. But we can do it immediately, 
upon a small scale, in this very room, in which the thermome- 
ter stands at 70 degrees. For this purpose we need only place 
some water in a little cup under the receiver of the air-pump 
(Platb.V. fig. l,j\ and exhaust the air from it. What will be 
the consequence, Caroline ? 

Caroline. Of course ithe water will evaporate more quickly, 
since there will no longer be any atmospheric pressure on its 
surface : but will this be sufficient to make the water freeze ? 

Mrs. B. Probably not, because the vapour will not be car- 
ried off fast enough ; but this will be accomplished without dif- 
ficulty if we introduce into the receiver (fig. 1.,) in a saucer, or 
other large shallow vessel, some strong sulphuric acid, a sub- 
stance which has a great attraction for water, whether in the 
form of vapour, ©r in the liquid state. This attraction is suck 
that the acid will instantly absorb the moisture as it rises from, 
the water, so as to make room for the formation of fresh va- 
pour ; tliis will of course hasten the process, and the cold pro- 
fciuced from the rapid evaporation of the water, will, in a few 
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minutes, be sufficient t^ freeze its surface.* We shall now ex- 
haust the air from the receiver. 

Emify. Thousands of small bubbles akeady rise through 
the water A*om the internal surface of the cup ; what is the rea- 
son of this ? 

Mrs. B, These are bubbles of air which were partly attach- 
ed to the vessel, and partly diffused in the water itself; and 
they expand and rise in consequence of the atmospheric pres- 
sure being removed. 

Caroline, See, Mrs. B. ; tlfe thermometer in the cup is sink- 
ing fast ; it has already descended to 40 degrees I 

'Emily. The water seems now and then violently agitated on 
the surface, as if it were boiling ; and yet the thermometer is 
descending fast ! 

Mrs. B. You may call it boiling if you please, for this ap- 
pearance is, as well as boiling, owing to the pepid formation of 
Tapour ; but here, as you have just observed, it takes place 
from the surface, for it is only when heat is applied to the bot- 
tom of the vessel that the vapour is formed there. — Now crys- 
tals of ice are actually shooting all over the surface of the water,. 
Caroline. How beautiful it is ! The surface is now entirely 
frozen, — but the thermometer remains at S^'dcgrees. 

Mrs. B. And so it will, conformably with our doctrine of 
latent heat, until the whole of the water is frozen y but it will 
then again begin to descend lower and lower, in consequence of 
the evaporation which goes on from the surface of the ice. 

Emily. This is a most interesting experiment ; but it would 
be still more striking if nO sulphuric acid were required. 

Mrs. B. 1 will show you a freezing instrument, contrived by 
Dr. WoUaston, upon the same principle as Mr. Leslie's experi- 
ntent, by which water may be frozen by its own evaporation 
alone, without the assistance of sulphuric acid. 

This tube, which, as you see (Plate V. fig. 2.,) is ter- 
minated at each extremity by a bulb, one of which is half full 
of water, is internally perfediy exhausted of air 5 the conse- 
quence of this is, that the water in the bulb is always much dis- 
posed to, evaporate. This evaporation, however does not 
proceed sufficiendy fast to freeze the water 5 but if the empty 
ball be cooled by some artificial means, so as to condense quick-^ 
ly the vapour which rises froc^ the water, the process may be 
thus 90 much promoted as to cause the water to freeze in the ^ 

• Thii experiment was first devised by Mr. Leslie, and has since 
been modified in a variety of forma. 
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otker ball. Dr. WoUaston has called this mstrument CVyo* 
phorus. [or Prostbearer. C] 

Caroline. So that cold seexus to perform here the same pttt 
which the sulphuric acid acted in Mr. Leslie's experiment ? ^ ' 

Mrs. B. Exactly so; but let as try the experiment. 

Emdly. How will you cool the iostrument ? You have neit- 
ther ice nor snow. 

Mrs. ti. True ; but we have other means of effecting this.* 
You recollect what an intense cold can be produced by the evap* 
oration of ether in an exhausted receiver. We shall inclose the 
l>ulb in this little bag of fine flannel (fig. 3.), then soak it in 
ether, and introduce it into the receiver of the air-pump. fig. 5.) 
F(»r this purpose we shdJ find it more convenient to use a cry- 
ophorusof this shape (l^g. A.\ as its elongated bulb passes easi* 
ly through a brass plate which closes the top of the receiver* 
If we now exhaust the receiver quickly, you will see, in less 
thanammute, the water free^ in the other bulb, out of the 
receiver. 

Emily , The bulb already looks quite dim, and small drops 
of water are condensing on its surface. 

Caroline. And now crystals of ice shoot all over the water. 
This is, indeed, a very curious experiment I 

Airs. B. You will see, some other day, that, by a similar ' 
method, even quicksilver may be frozen. — But we cannot at 
present indulge in any further digression. 

Having advanced so lar on the subject of heat, I may now 
give you an account of the calorimeter, an instrument invented 
by Lavoisier, upon the principles just explained, for the purpose 
of estimating the specific heat of bodies. It consists of a vessel, 
the inner surface of which is lined with ice, so as to form a sort 
of hollow globe of ice, in the midst x>( which the body, whose 
specific heat is to be ascertained, is placed. The ice absorbs 
caloric from this body, till it has brought it down to the freez- 
ing point ; this caloric converts into water a certain portion of 
the ice which runs out through an aperture at the bottom of the 
machine ; and the quantity of ice changed to water is-a test of 
the quantity of caloric which the body has given out in descend- 
ing from a certain temperature to the freezing point. 

Caroline. In this apparatus, I suppose, the milk, chalk, and 
lead, would melt different quantities of ice, in proportion to their 
different capacities for caloric? 

* Tiiis mode of raakiDg the experiment was proposed, a&d the par* 
ticulars detailed, by Dr. Marcet, in the '34th vol. of Nicholson's Jowr^i 
n^^ p. 119. . 
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JMir^. B* Certuitiy : and whence we are able to ascertain, with 
precision, their respective capacities for heat But the calo- 
rimel^r a&»rds ds fio more idea of the absohite quantity of heat 
eontaioed in a hody, than the tberorometer; for though by 
means of it we extricate both the free and combined caloric^ 
yet we extricate them only to a certain degree, which is the 
freezing point ; and we know not how much they contain of 
other below that point. 

Emily. According to the theory of latent heat, it appears to^ 
me that the weather should be warm when it freezes, and cold 
in a thaw : for latent heat is lii>erated from etery substance' 
that It freezes, and such a large supply of heat roust warm the 
atmosphere; whilst, during a |haw, that very quantity of free 
heat must be taken from the atmosphere, and return to a latent 
state in the bodies which it thaws. 

Mrs. B. Ypur observation, is very natural $ but consider that 
In a frost the atmosphere is so much colcter than the earth, that 
all the caloric which it takes from the freezing bodies is insuffi- 
cient to raise its temperature above the freezing point ; other* 
wise the frost must cease. But if the quantity of latent heat ex- 
tricated. does not destroy the frost, it serves to moderate the sud* 
denness of the change of temperature of the atmosphere, at the ' 
commencement both of frost, and of a thaw« In the iirst in- 
stance, its extrication diminishes the severity of the cold; and,^ 
in the latter, its absorption moderates the warmth occasioned 
by a thaw ; it even sometimes produces a discernable chill, at 
the breaking up of a frost. > 

Caroline, But what are the general causes that produce those 
sudden changes in the weather, especially from hot to ^old, 
which we often experience ? - 

Mrs, B. This question would lead us into meteorological 
discussions, to which I am by no means competent. One cir- 
cumstance, however, we can easily understand* When the air 
has passed over cold countries, it will probably arrive here at a 
temperature much below our own, and then it must absorb 
heat from every object it meets with, which will produce a gen- 
eral fall of temperature. 

Ccwoline. But pray, now that we know so much of the effects 
of heat', wiH you inform us whether it is reaHy a distinct body, 
or, as I have heard, a peculiar kind of motion produced in bod- 
ies? • 

Mrs. B. As I before told you, there is yet much uncertein- 
ty as to the nature of these subtle agents. But I am inclined 
to consider heat not as a mere mpt'ion, but as a separate sc^ 
ataace. Late experiments too appear to make it a compo\|n4 

© 
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body, consisting of the ^two electricities, and in our next con- 
versation 1 shall infbroi you of the principal facts on which that 
opinion is founded. 



CONVERSATION V. 

ON THE CHEMICAL AGEN4 lES OF ELECTRICITY.*^ 

Mrs. B. Beforjb we proceed further it will be necessary to 
give you some account of^^ertain properties of electricity , which 
have of late yeais been discovered to have an essential connec- 
tion with the phenomena of chemistry. 

Caroline' it is FXficr^ciTY^ if I recollect right, which comes 
next in our list of simple substances ? 

Mrs. B. I have placed electricity in that list, rather from 
the necessity of classing it somewhere, than from any convi^c- 
tion that it has a right to that situation, for we are as yet so igno- 
rant of its intimate natiwe, that we are unable to determine, not 
only whether it is simple or compound, but whether it is in fact 
aihaterial agent $ or, as Sir H. Davy has hinted, whether it 
may not be merely a property inherent in matter. As, howev- 
er, it is necessary to adopt some hypothesis for the explanation 
,of the discoveries which this agent has enabled us to make, \ 
have chosen the opinion, at present most prevalent, which sup- 
poses the existence of two kinds of electricity, distinguished by 
the names oi positive and negative electricity. 

Caroline. Well, I must confess, I do not feel nearly so in- 
terested in a science in which so much uncertainty prevails, as in 
those which rest upon established principles ; I never was fond 
of electricity, because, however beautiful and curious the phe- 
nomena it exhibits may be^ the theories, by which they were 
explained, appeared to me so various, so obscure and inade- 
quate, that 1 always remained dissatisfied. I was in hopes 
that the new discoveries in electricity had thrown so great a 
light on the subject, that evecy thing respecting it would now 
liave been clearly explained. 

Mrs* B. That is a point which we are yet far from liaving 
attained. But, in spite of the imperfection of our theories, you 
will be amply repaid by the importance and novelty of the sub- 
ject. The number of new facts which have already ;t>een a3- 

* The electricity extricated by the metals is commoDly called Gal- 
nanism, C. 
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eertained, and the immense prospect of discovery wMch luts 
ktdy been opened to us, wUl, I hope, uUtmately lead to a per- 
fect elucidation of this branch of natural science ; but at pres- 
ent you must be contented with studying the c^cts, and in 
some degree explaining the phenomena, without aspiring to a 
precise knowledge of the remote cause of electricity. 

Yon have already obtained some notions of .electricity : m 
our present conversation, ^therefore, I shall confine myself to 
that part of the science which is of late discovery, and is more 
particularly connected with chemistry* 

It was a trifling and accidental circumstance which first gave 
rise to this new branch of physical science. Galyani, a pro- 
fessor of natural philosophy at fiologna, being engaged (about 
twenty years ago) in some experiments on muscular irritabili- 
ty, Cibserved, that when a piece of metal was laid on the nerve 
of a frog, recently dead, whilst the Iknb supplied by that nerve 
irested upon seme other metal, the limb suddenly moved^ on a 
communication being made between the two pieces of metal. 

Emily. How is this communication made ? 

Mrs* B. £ither by bringing th^ two metals into contact, or 
%y connecting them by means of a metallic conductor. But 
without subjecting a frog to any cruel experiments, I can easily 
make you sensible of this kind of electric action. Here is a 
piece of zinc, (on^ of the metals Iraentioned in the list of ele- 
mentary bodies)— piit it under your tongue, and thb piece of 
alver upon your tongue, and let both the metals project a little 
beyond the tip of the tongue — very well — ^now make the pro- 
jecting parts of the metals touch each other, and you will in- 
stantly perceive a peculiar sensation. 

Emily, Indeed I did, a singular taste, and I think, a degree 
of heat ; but I can hardly describe it. 

Mrs. B. The action of these two pieces of metal on the 
tongue is, I believe, precisely similar to that made on the nerve 
of a frog. I shall not detain you by a detailed account ef the 
theory by which Galvani attempted to explain this fact, as it 
was soon overturned by subsequent experiments, which proved 
tliat irtdvanism (the name this new power had obtained) was 
liothing more than electricity. Galvani supposed that the vir- 
tue of this new agent resided in the nerves of the frog, but Vol- 
Ma, who prosecuted this subject with much greater success,, 
showed that the phenomena did not depend on the organs of the 
frog, hut upon the electrical agency of the metals, which is ex- 
cited by the moisture of the animal, the organs of the frog be- 
ing only a delicate test of the presence of electric influence. 

Caroline, I suppose, then, the saliva of the mouth answers 
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the same purpose as the moistare of the frog, in excHing the 
electricity of the pieces of silver and zinc with which Emily 
tried the experiment on her tongue. 

Mrs, B, Precisely. It does not appear, however, necessa- 
ry that the fluid used for this purpose should be of an animal 
nature. Water, and acids very much diluted by water, arc 
found to be the most effectual in promoting the developement of 
electricity in metals ; and, accordingly, the original apparatus 
which Volta first constructed for this purpose, consisted of a 
pile or succession of plates of zinc and copper, each pair of 
which was connected by pieces of cloth or paper impregnated 
with water ; and this instrument, from its original inconvenient 
structure and limited strength, has gradually arrived at this 
present state of power and improvement, such as i^ exhibited 
in the Voltaic battery. In this apparatus, a^ specimen of which 
you see before you (Plate VI. kg, 1.,) the plates of zinc and 
copper are soldered together in pairs, each pair being placed 
at regular distances in wooden troughs and the interstices being 
filled with fluid. 

Caroline, Though you wiH not allow us to inquire into the pre- 
cise cause of electricity, may we not ask in what manner the 
fluid acts on the metals so as to produce it ? 

Mrs, B, The action of the fluid on the metals, whether wa- 
ter or acid be used, is entirely of a chemical nature* But wheth- 
er electricity is excited by this chemical action, or whether it is 
produced by the contact of the two metals, is a point upon 
which philosophers do not yet perfectly agree. 

Etmly, But can the mere contact of two metals, without any 
intervening fluid, produce electricity ? 

Mrs, B, Yes, if they are afterwards separated. It is an e^ 
tabli^ed fact, that when two metals are put in contact, and af- 
terwards separated, that which has the strongest attraction for 
oxygen exhibits signs of positive, the other of negative electric i- 

ty. 

Caroline. It seems then but reasonoble to infer that the pow- 
er of the Vokaic battery should arise from the contact of the 
plates of zinc and copper. 

Mrs, B. It is upon this principle that Volta and Sir H. Da- 
vy explain the phenomena of the pile ; but notwithstanding 
these two great authorities, many philosophers entertain doubts 
on the truth of this theory. The chief difficulty which occurs 
» explaining the phenomena of the Voltaic battery on this prin- 
ciple, is, that two such plates show no signs of different states 
of electricity whilst in contact, but only on being separated af- 
ter contact. Now in the Voltaic battery, those plates that are 
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in d<^tact atwfiys continiie s<v beuig soldered togr^er: and 
they cannot therefore receive a succession of charges. Be* 
sides, if we consider the mere disturbance of the balance of 
electricity by the contact of the plates, as the sole cause of the 
production of Voltaic electricity^ it remains to be explained how 
this disturbed balance becomes an inexliaustible source of elec- 
trical energy, capable of pouring forth a constant and copious 
supply of electrical fluid, though without any means of replen- 
ishing itself from other s6urces. This subject, it must be own- 
ed, is involved in too much obscurity to enable us to speak very 
decidedly in favour of any theory. But, in order to avoid per- 
plexing you with different explanations, I shall confine myself 
to one which appears to me to be least encumbered with difficult 
ties, and most likely to accord with truth.* 

This theory supposes the electiicity to be excited by the chem-* 
ical action of the acid on the zinc ; but you are yet such novi- 
ces in chemistry, that ( think it will be necessary to give you 
some previous explanation of the nature of this action. 

All metals have a strong attraction for oxygen, and this ele- 
ment is found in great abundance both in water and in acids. 
The action of the diluted acid on the zinc consists therefore in 
its oxygen combining with it, and dissolving its surface. 

Caroline. In the same manner I suppose as we saw an acid 
dissolve copper? 

Mrs. B Yes; but in the Voltaic battery the diluted acid is 
not strong enough to produce so complete an effect ; it acts on« 
ly on the surface of the zinc, to which it yields its oxygen, for- 
ming upon it a film or crust, which is a compound of the oxy- 
gen and the metal/ 

Ennly. Since there is so strong a chemical attraction between 
oxygen and metals, I suppose they are naturally in difierent 
states of electricity ? 

Mrs, B. Yes; it appears that all metals are united with the 
positive, and that oxygen is the grand source of the negative 
electricity. 

* This Dic-de of explainiDg the {^enomeoa of the Voltaic pile is call- 
ed the cliemical theory of electricity, because it ascrihea the cause of 
these pheDoineaa to certain chemical changes which take place during 
their appearance. 1'he mode which is here sketched was long since 
iBgfcested by Dr. Bostock, who has lately (1818) published " An Ac- 
count of the History and present State of Galvanism;*' which con- 
tains a fuller and more complete statement ol bis opinions, and those of 
vther writers od the subject, than any of his former papers. 

8* 
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CardHne, Does notthenthesdd act oo the pis^ ^ asp* 
per, as well as on those of zinc?* 

Mrs, B. No^ for though copper has^an affinity for oxygen, 
it is less strong than that of zinc; and therefore the energy of 
ihe acid is only exerted upon the zinc. 

It will be best, I believe, in order to render the action of the 
Voltaic battery more intelligible, to confine our attention at first 
to the effect produced on two plates only. (Plate VI. fig. 2.) 

If a plate of zinc be placed opposite to one of copper, or 
any other metal less attractive of oxygen^ and t^ space between 
them (suppose of -half an inch^ in thickness,) be fiUed with an 
add or any fiuid capable of oxydating the zinc, the oxydated 
surface will have its capacity for electricity diminished,^ so that . 
a quantity of electricity will be evolved from that surface. 
This electricity will be received by the contiguous fluid, by 
which it will be transmitted to the opposite metallic surface, the 
copper, which is not oxydated, and is th)erefore disposed to re* 
•eive it ; so that the copper plate will thus become ' positive, 
whilst the zinc plate will be in the negative state. 

This evolution of electrical fluid however will be very Urai- 
ted ; for as these two plates admit of but very little accumula- 
tion of electricity, and are supposed Uy have no communication 
With other bodies, the action of the acid, and further develope- 
ment of electricity, will be hn mediately stopped. 

Bndly. This action, I suppose, can no more continue than 
that of a common electrical machine, which is not allowed to 
communicate with other bodies? 

Mrs. B. Precisely ; the common electrical machine, when 
excited by the firiction of the robber, gives out both thepositive 
and negative electricities. — (Plate VI. Fig, 3.) The posi- 
ttve, by the rotation of the glass cylinder, is conveyed into the 
conductor, whilst the negative goes into the rubber. But^unless 
there is a communication made between the rubber and the 
ground, a very inconsiderable quantity of electricity can be ex- 
cited; for the rubber, like the plates of the battery, has too 
small a capacity to admit of an accumulation of electricity^ 
Unless therefore the electricity can pass out of the rubber, it 
will not continue to go into it, and consequently no additional 
accumulation will take place. Now as one kind of electricity 
cannot be given out without the other, the developement of the 
positive electricity is stopped as well as that of the negative^ 

* The acid acts opon the coj^r, but not so strongly as on the zinc. 
Any two metals, one of which nas a stronger attraction for oxygen thaa 
tike other, will form the galvanic series. C. 
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C^toUne* But does not die eondactcNr, as v9e\\ as the rubbeiv 
require a commiuiicatioa with the earth, in order to get rid of 
its electricity ? 

Mrs^B, No; for it is susceptible of receiving and contain* 

ing a considerable quantity of electricity, as it is much lai^rer 

tl^ the rubber, and therefore has a greater capacity; and this 

-continued accumulation of dectricity in the conductor is what 

is called a charge. . 

^ JSm^. But when an electrical machine is furnished with two 
Conductors' to receive the two electricities, I suppose no comma* 
nieation with the earth is required P 

i/l#i^. R Captain ly -not, until* the two are fully , charged j for 
the two conductors will receive equalquantities of electricity. 

Caroline, 1 thought th^ use of the chain had been to convey 
the electricity /mw the ground into the machine ? , 

Mrs, B. That was the idea, of Dr.. Franklin, who supposed 
that there was hut one kind of electricity, and who, by the 
terms positive and negative (which he first introduced,) meant 
ooiy different quantities.of the same kind of electricity.'^ The 
«hain was in that case supposed to convey, electricity /rom the 
grficmd through the-rubber into the conductor. But as we have 
adopted the hypothesis of two electrics, we must consider the 
chain asT a vehicle to conduct the neg^ive electricity into the 
earth. . 

EmUyl And are both kinds produced whenever elet:trici^ 
is excited? , 

Mr9> B, Yes, invariably. If you rub a tube of glass with 
a woolen cloth, the glass becomes^ positive, and the doth nega- 
tive.t If, otf the contrary', you excite a stick of sealing-wax 
by the same means, it is the rubber which becomes positive, and 
the wax negative. ' 

. * The idea of Dr. Franklin, Was, that the positive state consisted in 
the presence, or accumulation of the electric fluid, and that tlie nega« 
iive was merely its absence or diminution. Hence the terms used by 
him to indicate these states were positive and negative. In this chap- 
ter Mrs. B. has used thpse terms of the American Philosopher improp- 

'crly, for plus and mirttt* were never meant to signify two sorts of eiec- 
tricity, bat only its />r€«ence, or absence. Where authors have adop* 

. te4 Dufay^s theory, of two electricities, they have used the, terms, i?t- 
treous and resinous. G. 

t Most probably, because the glass takes the electric fluid from the 
oloth. Indeed we conceive there is about the same reason for believing 
that the negative state, is the absence of the electric fluid, as there is 
^ beUerffig that cold is the absence of heat^ O* 
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fiot with regard toUie Voltaic imttery^ in order that the acid, 
taay act freely on the zinCy and ibe two electricities be given 
out without interruption, some method must be devised, by 
which the plates may part with their electricities as fast as tbey,. 
receive them. — Can you thtok of any means by which this> 
might be effected ? 

Emily, Would not two chains or wires, suspended from e^fher 
plate to the ground^ conduct the electricities into the earth, and, 
thus answer the purpose ? 

Mrs* B. It would answer the purpose of carrying off^he* 
electricity, I admit ; but recollect, that though it is necessary to i 
find a vent for the electricity, yet we must not lose it, since it is 
the power which we are endeavouring to obtain. Instead,,, 
therefore, of conducting it into the ground, let us" make .the, 
wires, from either plate, meet: the two electricities will thus 
be brought together, and will combine and neutralize each oth- - 
er^ and as long as this communi<;ation continues, the two plates 
having a vent for their respective electricities, the action of the 
acid will go on freely and uninterruptedly. 

Emily » That is very clear, so far as two plates only are . 
concerned; but I cannot say I understand how the energy of 
the succession of plates, or rather pairs of plates, of which 
the Galvanic trough is composed, is propagated and accumu- , 
lated throughout a battery ? 

Jl/r«. B. In. order to show you how the intensity of the . 
d^ctricity is increased by increasing the number of plates,^ we 
will examine the action of four plates; if you understand these, 
you will readily comprehend that of any number whatever. 
In this figure (Plate VI. fig. 4.,) you will observe that the 
^ two central plates are united ; they are soldered together, (as 
we observed in describing the Voltaic trough,) so as to form 
but one plate which offers two different surfaces, the one of 
copper, the other of zinc. 

Now you recollect that, in explaining the action of two plates, 
we supposed that a quantity of electricity was evolved from . 
the surface of the first zinc plate, in consequence of the action 
of the acid, and was conveyed by the inte;rposed fluid to the 
copper plate. No. 2, which thus became positive. This cop- 
per plate communicates its electricity to the contiguous zinc 
plate. No. 3, in which, consequently, some accumulation of 
electricity takes place. When, therefore, the fluid in the next 
cell acts upon the zinc plate, electricity is extricated from it in 
larger quantity, and in a more concentrated form than before. 
This concentrated electricity is again conveyed by the fluid to 
the next pair of plates, No. 4 and 5| when it is farther increased 
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Iby- tlM a^iMof the flmd ib the thkd cell, arid so on, to any 
number of plates of vrhich the battery may consist ; so that the 
electrical energy will continue toraccttraulate in proportion to 
the number of double plated^ tbe first zinc plate of the series 
being the most . negative, and the la$t copper plate the most 
positive. 

Caroline. But does the battery Become more and more 
strongly charged, merely by being allowed to stand undisturb- 
ed? 

Mrs. B, No, for the action will soon stop, as was jcxplained 
before, unless a vent be given to the accumulated electricities. 
This is easily done, however, by establishing a communication 
by means of the wires (Fig. 1.,) between the two ends of the 
Imttery : these being brought into contact, the two electricities 
meet and neutralize each c^her,'' producing the shock and other 
eti^ts of electricity ; and the action goes on with renewed 
energy, being no longer obstructed by the accumulation of the 
two electricities which impeded its progress. 

Emily. Is it the union of the two electricities which produ^ 
ces the electric spark ? 

Mrs, B. Yes; and it is, I believe, this circumstance which 
gave rise to Sir H. Davy^s opinion that caloric may be a com- 
pound of the two electricities. 

Caroline, Yet surely caloric is very dliferent from the elec- 
trical spark? 

Mrs. B, The difference may consist probably only in inten- 
sity ; for the heatof the electric spark is considerably more in- 
tense, though confined to a very minute spot, than any heat we 
can produce by other means. 

Emily. Is it quite certain that the electricity of the Voltaic 
battery is precisely of the same nature as that of the common 
^ectrical machine ? 

Mrs. B. Undoubtedly ; the shock given to the human body, 
the spark, the ch^cumstance of the same substances which are 
conductors of tbe one being also conductors of the other, and 
of those bodies, such as glass and sealing-wax, which are non- 
conductors of the one, being also nott-conductors of the other, 
are striking proofs of it. Besides, Sir H. Davy has shewn in 
hb Lectures, that a Leyden jar, and a common electric battery, 
can be charged with electricity obtained from a Voltaic battery, 
the effect produced being perfectly similar to that obtained by 
a common machine. 

Ur. Wollaston has likewise proved that similar chemical de- 
compositions are effected by the electric machine and by the 
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Voltaic batteryj aod has made other ex perimehtf which ten- 
der it highly, probable, that the origift of both electricities is es- 
sentially the same, as thtiy show that the rubber of the common 
electrical machine, like the ztnc in the Voliaic battery, produces 
the two electricities by combining with oxygen. 

Caroline. But I do not see whence the rubber obtains ^xygen^ 
for there is neither acid nor water used in the common machinei 
and I always understood that the electricity was excited by the 
friction. 

>/r«. B. It appears that by friction the rubber obtains oxygen 
from the atmosphere, which is partly composed of that de- 
ment. The oxygen combines with^the amalgam of the rubber, 
which is of a metallic nature^ much in the same way ^s the 
oxygen of the acid combines with the zinc in the Voltaic bat- 
tery, and it is thus that the two'electricities are disengaged. 

Caroline, But, if the electricities of both macliines are simi- 
4ar, why not use the common machine for chemical decomposi- 
tion ? 

Mrs, B, Though its effects are similar to those of the Voltaic 
battery, they are incomparably weaker. Indeed Dr. Wollas- 
ton, in using it for chemical decompositions, was obliged to 
act upon the most minute quantities of matter, and though the 
result was satisfactory in proving the similarity of its effects to 
those of the Voltaic battery, these effects were too small in ei- 
tent to be in any considerable degree applicable to chemical de- 
oonrposition. 

Caroline, How terrible, then, the shock * must be from a 
Voltaic battery, since it is so much more powerful than an elec- 
trical machine ! 

Mrs. B. It is not nearly so formidable as you think ; at least ^ 
it is by no means proportional to the chemical effect. The 
great superiority of the Voltaic battery consists in the lar^ 
quantity of electricity that passes 5 but in regard to the rapi^ 
ty or intensity o( the charge, it is greatly surpassed by the 
common electrical machine. It would seem that the shock or 
sensation depends chiefly upon the intensity ; whilst, on the 
contrarj^ for chemical purposes, it is quantity which is requi- 
red. In the Voltaic battery, the electricity, though copious, is ^ 
ISO weak as not to be able to force its way through the fluid 
whicli separates the plates, whilst that of a common machji e 
will pass through any space of water. 

Caroline, Would not it be possible to increase the intensity 
of the Voltaic battery till it should equal that of the common 
machine ? 

Mrs, B. It can actually be increased till it imitates a weak 



4e($tricalniii^tmie^ so as to produce a vistbte spark when accii* 
Ululated in a Leydten jar. But it can never be raised sufficientljp 
to pass through any ^considerable extent of air, because of the 
ready cpoiuMuilcation through the 0uids employed. 

By increasing the number of plates of a battery, you in- 
oreese its irUenaitif^ whilst, by enlarging the dimensions of the 
plates, you augmf*nt its quantity; and, as the superiority of 
the battery over the cum mon machine consists entirely in the 
quantity of electricity produced, it was at first supposed that it 
was the size, rather than the number of plates that was essen- 
tial to the augme^ntation of pow'er. It was, however, found 
upon trial, that the quantity of electricity produced by the 
Voltaic battery, even when of a very moderate size, was suffi- 
dentiy copious, and that the chief « advantage in this apparatus 
was (Stained by increasing the intensity, which, however, still 
&lls very short of that of the common machine. 

I should not omit to mention, that a very splendid, and, at 
the same time, most powerful battery, was, a few years ago, 
constructed under the direction of Sir H. Davy, which he re- 
peatedly exhibited in his course of electro-chemical lectures. It 
consists of two thousand double plates of zinc and copper, of 
ux square inches in dimensions, arranged in troughs of Wedg- 
wood-ware, each of which contains twenty of these plates. 
Thie troughs are furnished with a contrivance for lifting the 
plates oiit of them in a very convenient and expeditious man- 
ner.* 

Caroline. Well, now that we understand the nature of the 
action of the Voltaic battery, I long to hear an accocmt of the 
discoveries to which it has, given rise. 

Mrs. B. You mus^ restrain your impatience, my dear, for I 
cannot with any propriety introduce the subject of these disco- 
veries till we conje to them in the regular course of our studies. 
But, as alpaost every substance in nature has already been ex- 
posed to the influence of the Voltaic battery, we shall very soon 
have occasion to notice its efiects* 

* A model of this mode of constniction is exhibited in Tulte XIH. 
Fig. 1. 

Note. In coDsequence of the discoveries of Prof. Hare, of Phila- 
■Jelpliia, the present theory of galvanism must probably undergo a 
radical change. This gentleman has invented a new method of extri- 
cating the Voltaic influence, by so connecting the plates, that in ef- 
■ftct only two great surfaces of the metals are presented to each other. 
By this arrangement, the galvanic action on different substances, has 
presented some new phenomena. The calorific principle is immensely 
increased, while the electric shock is hardly to be perceived. Prof. 
Bare has named Ibis new apparatus ealorinu^tori or heat movec. 
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CONVERSATION VI^ 
ON OXYGEN AND NITROGEN. 
Mrs, B. ToH»AY we shall examine the chemical properties <^ 

the ATMOSPHERE. 

Caroline. I thought that we were first to learn the natoreof 
Oxygen, which comes next in our table of simple bodies ? 

Mrs. B. And so you shall \ the atmosphere being composedv 
of two principles, Oxygen and Nitrogen, we shall proceed to 
analyse it, and consider its component parts separately. 

Emily, I always thought that the atmosphere had been a ve- 
ry complicated fluid, composed of all the variety of exhalations 
from the earth. 

Mrs, B, Such substances may be considered rather as hetero- 
geneous and accidental, than as forming any of its component 
parts ; and the proportion they bear to the whole mass is quite 
inconsiderable. 

Atmospherical air it composed of two gases, known by 
the names of oxygen gas and nitrogen or azotic gas. 

Emily. Pray what is a gas ?* . 

Mrs, B. The name of gas is given to any fluid capable of 
existing constantly in an aeriform state, under the pressure and 
at the temperature of the atmosphere? 

Caroline, Is not water, oi any other substance, when evap- 
orated by heat, called gas ? 

Mrs. B. No, my dear ; vapour is, indeed, ,an elastic fluids 
and bears a strong resemblance to a gas ; there are, however, 
^veral points in which they essentially difl*er, and by which 
you may always distinguish them. Steam, or vapour, owes 
its elasticity merely to a high temperature, which is equal to that, 
of boiling water. And it diflers from boiling water only by 
being united with more caloric, which, as we before explained, 
is in a latent state. When steam is cooled, it instantly returns 
to the form of water ; but air, or gas, has never yet been ren- 
dered liquid or solid by any degree of cold. 

The new views which he has been induced to offer, seem to be confir- 
med by the action of the colortiuotor, viz. that galvanism is a com- 
pound of electricity and caloric. This theory, it is obvious, will set 
aside manj of the principles laid down in the foregoing chapter. As 
account of this theory, with a description of the calorimotor, is pub- 
lished in ^^i]Umau'8 Journal, with Ohservations by the F^ditor; alsoio 
Hare's edition of Henry s Chemistry. C. 

• All kinds of air differing Irom tho atmosphere, are called by thi^ 
name. C. 
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Emily. But does not gas, as well as vapour, owe its elasticity 
to caloric ? 

Mrs. B, It was the prevailing opinion; and the difference 
between gas and vapour was thought to depend on the different 
manner in which caloric was united with the bases of these two 
kinds of elastic fluids. In vapour it was considered as in a 
latent state ; in gas, it was said to be chemically combined. 
But the late researches of Sif H. Davy have given rise to a new 
theory respecting gases ; and there is now reason to believe 
that these bodies owe their permanently elastic state, not solely 
to caloric, but likewise to the prevalence of either the one or the' 
other of the two electi-icities.* 

Einily, When you speak, then, of the simple bodies, oxygen 
and nitrogen, you mean to express those substances which are 
the basis of the two gases ? 

Mrs. B. Yes, in strict propriety, for they can properly^be 
called gases only when brought to an aeriform state. 

Caroline, In what proportions are they combined in the at- 
mosphere ? 

Mrs. B. The oxygen gas constitutes a little more than one» 
fifth, and the nitrogen gas a little less than four-fifths.t When 
separated, they are found to possess qualities totally different 
from each other. For oxygen gas is essential both to respira- 
tion and combustion, while neither of these processes can be 
performed in nitrogen gas. 

Caroline. But hf nitrogen gas is unfit for respiration, how 
does it happen that the large proportion of it which enters into 
the composition of the atmosphere is not a great impediment to 
breathing ? 

Mrs. B. We should breathe more freely than our lungs could 
bear, if we respired oxygen gas alone. The nitrogen is no im^ 
pediment to respiration, and probably, on the contrary, answers 
some useful purpose, though we do not know in what manner it 
acts in that process. 

Emily. And by what means can the two gases, which com- 
pose the atmospheric air be separated ? 

Mrs. B. There are many ways of analysing the atmosphere : 
the two gases may be separated first by combustion. 

* This wants further proof. The former theory, that the gases owe 
their elasticity to caloric combined with their bases, we think accounts 
equally well for this property, and at the same time is more simple, 
and better proved. C. 

t In 100 parts of atmospheric air, there is 21 of oxygen and 79 of 
lut]:oge^ C. 

9 
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Endfy, You surprise me ! bow is it possible diat combutCioo 
should separate them ? 

AJrs. B. 1 should previously remind you that oxygen is sup- 
posed to be the only simple body naturally combmed with neg- 
ative electricity. In all the other elements the positive electri- 
city prevails, and they have consequently, all of them, an at- 
traction for oxygen.* t 

CaroUne. Oxygen the only negatively electrified body ! that 
surprises me extremely ; how then are the combinations of the 
other bodies performed^ if, according to your explanation of 
chemical attraction, bodies are supposed only to combine in 
virtue of their opposite states of electricity ? 

Mrs, B, Observe that I said, that oxygen was the only im- 
pie body, naturally negative. Compound bodies, m which ox- 
ygen prevails over the other component parts, are also nega- 
tive, but their negative energy is greater or less in proportion 
as the oxygen predominates. Those compounds into which 
oxygen enters in less proportionthan the other constituents^ are 
positive, but their positive energy is diminished in propor-v 
tion to the quantity of oxygen which enters into their composi- 
tion. 

All bodies, therefore, that are not already combined with 
oxygen, will attract it, and, under certain circutnstances, will 
absorb it from the atmosphere, in which case the nitrogen gas 
will remain alone, and may thus be obtained in its separate 
state. 

Caroline. I do not understand how a gas can be absorbed ? 

Mrs, B, It is only the oxygen, or basis of the gas, which is 
absorbed ; and the two electricities escaping, that is to say, the 
negative from the oxygen, the positive from the burning body, 
onit^ and produce caloric. 

* If chloriDe or oi^muriatic gas be a simpTe body, according to Sir 
H. Davy^s view oC the subject, it must be coosidered as an exception 
to this vtatemeot ; but this subject cannot be discussed till the proper- 
ties and nature of chlorine come under examination. 

t f he hypothesis that combustion, as well as chemical affinity are 
electrical phenomena, was first proposed by Berselius, of Stockholm. 
The theory isshertly this. In all cases, where the particles of bodies^ 
have a chemical attraction for each other, they are in opposite states 
of electricity, and the force of their union is in proportion to the inten- 
sity of these electrical states, since it is thi« which forces them to 
unite. Thus the particles of an acid, and an alkali unite, because one 
is strongly negative, and the ether strongly. positive. In cases of com- 
bustion, these different states are still more intense, oxygen always be* 
ing in the negative state, and the combustible in the positive, and when 
a union takes place, heat and lieht is the consequence. Tkis tbeor|r 
is not well proved, nor generally adopted. C. 
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Em&if^ A^d wMt becomes of %hh caloric ? 

Mrs. B, We shall make this piece of dry wood attract oxy^ 
^n from the atmoiphere) and you will see what becomes of the 
caloric. 

CwoUne. You are jokiog, Mrs. B — ; you do not mean to 
^lecompose the atmosphere with a piece of dry stick ? 

Mr9. B. Not the whole body of the atmosphere, certainly ; 
ibut if we can make this piece of wood attract any quanttity of 
oxygen from it, a proportional quantity of atmospherical air 
will be decomposed. 

Caroline. If wood has so strong an attraction for oxygen, 
why does it not decompose the atmosphere spontaneously ? 

J^rs* B. It is found by experience, that an elevation of tem- 
peratmis is required for the commencement of the union of the 
oxygen and the wood, . 

']^i» elevation of temperature was formerly thought to be 
necessary, ia order to diminish the cohesive attraction of the 
wood, adid enable the oxygen to penetrate and combine with it 
more readily. But since the introduction of the new theory of 
chenucal combinfUion, another cause has been assigned, and it 
is now supposed that the high temperature, by exalting tbe elec* 
^ical energies of bodies, and consequently their force of attrac* 
tion, facilitates their combination. 

EmUy. If it h true, that caloric is composed of the two elec* 
tricities, an elevation of temperature must necessarily augment 
the electric energies of bodies. 

Jl^. jB. I doubt whether that would be a necessary conse- 
quence ; for^ admitting this composition of caloric, it is only by 
its beisig deeomposed that dectricity can be produced. Sir H. 
Davy, however, in his numerous experiments, has found it to be 
an almost invariable rule that the electrical energies of bodies are; 
increased by elevation of temperature. 

What means then shall we employ to raise the temperature 
of the wood, so as to enable it to attract oxygen from the atmos- 
phere ? 

Cetroline. Holding it near the fire, I should think, woujd an- 
swer the purpose. 

Mrs. B. It may, provid€?d you bold it sufficiently close to 
the fire ; for a very considerable elevation of temperature is re- 
quired. 

Caroline. It has actually tdken fire, and yet I did not let it 
touch the coals, but I held it so very close that I suppose it 
caught fire merely from the intensity of the heat. 

Mrs. B. Or you might say, in other words, that the caloric 
which the wood imbibed, so much elevated itstemperature^and 
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exalted its electric energy, as to enable it to attrac;| oxygen very 
rapidly from the atmosphere. 

Emly. Does the wood absorb oxygen while it is burning ? 

Mrs. B. Yes, and the heat and light are produced by the un- 
ion of the two electricities which are set at liberty, in conse- 
quence of the oxygen combining with the wood. 

Caroline. You astonish me ! the heat of a burning body 
proceeds then as much from the atmospere as from the body 
itself? 

Mrs, B. It was supposed that the caloric, given out during 
, combustion, proceeded entirely, or nearly so, from the decom- 
position of the oxygen gas ; but, according to Sir H. Davy's 
new view of the subject, both the oxygen gas, and the combus- 
tible body, concur in supplying the heat and light, by the union 
of their opposite electricities. 

Emily. 1 have not yet met with any thing in chemistry that 
has surprised or delighted me so much as this explanation a( 
combustion. I was at first wondering what connection there 
could be between the affinity of a body for oxygey and its com^ 
bustibility ; but I think I understand it now perfectly. 

Mrs. B. Combustion then, you see, is nothing more than the 
rapid combinat\on of a body with oxygen, attended by the dis- 
engagement of light and heat* 

Emily. But are there no combustible bodies whose attraction 
for oxygen is so strong, that they will combine with it, without 
the application .of heat ? 

CaroUne. That cannot be ; otherwise we shduld , see bodies 
burning spontaneously. 

Mrs. B. But there are some instances of this kind, such as 
phosphorus, potassium, and some compound bodies, which I 
shall hereafter make you acquainted with. These bodies, how- 
ever, are prepared by art, for in general, all the combustions 
that could occur spontaneously, at the temperature of the at- 
mosphere, have already taken place ; therefore new combus- 
tions cannot happen without the temperature of the body being 
raised. Some bodjes, however, will burn at a much lower tem- 
perature than others. 

Caroline. But the common way of burning a body is not 
merely to approach it to one already on fire, but rather to put 
the one in actual contact with the other, as when I bum this 
piece of paper by holding it in the flame of the 6re. 

Mr9. B. The closer it is in contact with the source of caloric, 
the sooner wiLl its temperature be raised to the degree necessarv 
for it to burn. If you hold it near the fire, the same effect will 
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be produced ; hut more time will be required^ as you found to 
be the case with the piece of stick. 

Emily. But why is it not necessary to continue applying ca- 
loric throughout ih^i process of combustion, in order to keep up 
the electric energy of the wood, which is required to enable it to 
combine with the oxygen ? 

Mrs. B. The caloric whHJi is gradually produced by the two 
electricities. during combustion, keeps up the temperature of the 
burning body, so that when once combustion has begun, no 
further application of caloric is required. ^ 

Caroline. Since -i:'have learnt this wonderful theory of com- 
bustion, I cannot take my eyes from the fire ; and I can scarce- 
ly coijceive that the beat and light, which I always supposed to 
procjE^ entirely from th^ coals, are^ really produced as much 
by the atmosphere. ^ 

Emily. When you-blow the fire, you increase the combustion, 
I suppose,^ by suyplying the coals with a greater quantity of 
oxygen gas ? 

Mrs^ B. Certainly 5 but of course no blowing will produce 
combustion, unless the temperature of the coals be first raised. 
A single spark, however, is sometimes sufiicient to produce that 
effect ; for, as I said before, when once combustion hjs com- 
nien^, the caloric disengaged is sufficient to elevate the .tpm- 
•peraTO-e of the rest of the body, provided that there be a free 
access of oxygen. It however sometimes happens that if a fire 
be ill made, it will be extinguished before all the fuel is consum- 
ed, from the very circumstance of the combustion being so slow 
that the caloric disengaged is insufficient to keep up the tempe- 
rature of the fuel. You must recollect that there are three 
things required in order to produce combustion ; a combustible 
body, oxygen, and a temperature at which the one will coinbine 
with the other. 

Emily. You «aid that combustion was one method of decom- 
posing the atmosphere, and obtaining the nitrogen gas in its 
simple state; but how do you secure this gas, $knd prevent it 
from mixmg with the rest of the atmosphere ? 

Mrs. B. It is necessary for this purpose to burn the body 
within a close vessel^ which is easily done. — We shall introduce 
a small lighted taper, (Plate VII. Fig. 1.) under this glass 
receiver, which stands in a bason over water, to prevent all 
communication with the external air»* 

* To make a taper, jnelt soma bees wax, and dip into it a strip of 
cotton cloth about ad inch wide, and before it is cold, twist it pretty- 
hard. Cotton wick does better than the cloth. A quart tumbler maken 

9* 
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Caroline* How dim the light burns already !-^tt U now ex- 
tinguished. 

Ji^ra. B, Can you tell us why it is extinguished ? 

Caroline, Let me consider.— The receiver was fuH of at- 
mospherical air ; the taper, in burning within it, must have 
combined with the oxygen contained in that air, and ^e caloric 
that was disengaged produced the Tight of the taper. But when 
the whole of the oxygen was absorbed, the whole of its electrici- 
ty was disengaged ; consequently no more caloric could be pro- 
duced, the taper ceased to burn, and the flame was extinguished. 

Mrs, B, Your explanation is perfectly correct. 

Emily, The two constituents of the oxygen gas being thus 
disposed of, what remains under the receiver must be pjire ni- 
trogen gas ? 

Mrs, B, Inhere are some circumstances which prevent the 
nitrogen gas, thus obtained, from being perfectly pure ; but we 
may easily try whether the oxygen has disappeared, by putting 
another lighted taper under it. — You see how instantaneously 
the flame is extinguished, for want of oxygen to supply the ne- 
gative electricity required for the formation of caloric; and 
were you to put an animal under the receiver, it would imme- 
diately'be suffocated. But that is an experiment which I do not 
think your curiosity will tempt you to try. ^ 

Emily, Certainly not.-^But look Mrs. B., the receiver is full 
of a thick white smoke. Is that nitrogen gas ? 

Mrs, H. No, my dear ; nitrogen gas is perfectly transparent 
and invisible, like common air. This cloudiness proceeds from 
a variety of exhalations, which arise (rovar the burning taper, 
Ae nature of which you cannot yet understand. 

Caroline, The water within the receiver has now risen a little 
above its level in the bason. ' What is the reason of this ? 

Mrs. B, With a moment's reflection, I dare say, you would 
have explained it yourself. The water rises in consequence of 
the oxygen gas within it having been destroyed, or rather de- 
composed by the combustion of the taper. 

Caroline, Then why did not the water rise immediately 
when the oxygen gas was destroyed ? 

Mrs. B, Because the heat of the taper, whilst burning, pro- 
duced a dilatation of the air in the vessel, which at first counter^ 
acted this effect. 

Another means of decomposing the atmosphere is the oxyge- 

a good receiver. Two or tbree inchei of the taper can be iksteaed to 
a piece of wire, bent so that it will stand op. Thus the experiment fs 
euriiymade. C. 
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uati(m of certain meteds* ~This process is Very analogous to 
combustion ; it is, indeed, only a more general term to express 
the combination of a body with oxygen. 

Caroline, In what respect, then, does it difier from combus- 
tion ? 

Mr». B. The combination of oxygen in combustign is always 
accompanied by a disengagement of light and heat ^ whilst tMs 
circumstance is not a necessary consequence of simple oxygen* 
ation. 

Caroline^ But how can a body absorb oxygen without the 
combination of the two electricities which produce caloric ? 

Mr%* B, Oxygen does not always present^ itself in a gaseots 
form ; it is a^ constituent part of a vast number of bodies, bodi 
solid and liquid, in which it exists in a state of greater density 
than in the atmosphere; and iirom these bodies it may be ob* 
toined without much disengagement of caloric. It may like- 
wise, in some cases, be absorbed from the atmosphere without 
any sensible production of light and heat ; for, if the process 
be slow, the caloric is disengaged in such small quantities, and 
so gradually, that it is not capable of producing either light or 
heat. In this case the absorption of oxygen is called oxygeno^ 
tion or dacydation^ instead of combustion^ as the production of 
sensible light' dnd heat is essential to the latter. , 
' 'Emily. I wonder that metals can unite with oxygen; for, as 
they are so dense, their attraction of aggregation must be very 
great ; and I should have thought that oxygen could never have 
penetrated isuch bodies. 

Mrs, B^- Their strong attraction for oxygen counterbalances 
this obstacle. Most nDetals, however, require to be made red- 
hot before they are capable of attracting oxygen in any consid- 
erable quantity. By this comhination they lose most of their 
metallic properties, and fall into a kind of powder, formerly 
called cahcy but now much more properly termed an oxyd; 
thus we have oxyd of leudy oxyd of iron, &c»* 

Emily. And in the Voltaic battery, it is, I suppose, an oxyd 
•f Zinc, that Is formed by the union of the oxygen with that 
metal ? 

Mrs, B. Yes, it is* 

Caroline, The word^xyd, then, simply means a metal com- 
bined with oxygen ? 

Mrs. B. Yes; but the term is not confined to metals, though 
«hieiy applied to them. Any body whatever, that has combi- 
ned with at certain quantity of oxygen, either by means of oxy- 

* Red kad 9Xid rust of iron, C. 
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dation or combustion, is called an oxyd, and is said to htoxyda^ 
ted or oxygenated. 

Emily. Metals, when converted into oxyds, become, I sup- 
pose, negative ? 

Mrs, B. Not in general; because in most oxyds the positive 
energy of the metal more than counterbalances the native .en- 
ergy of the oxygen with which it combraes. 

This black powder is an oxyd of manganese, a metal which 
has so strong an affinity for oxygen, that it attracts that sub- 
stance from the atmosphere at any known temperature : it is 
therefore never found in its metallic form, but always in that of 
an oxyd, in which state, you see, it has very little df the appear, 
ance of a metal. It is now heavier than it was before oxyda. 
lion, in consequence of the additional weight of the oxygen with 
which it has combined. 

Caroline. I am very glad to hear that ; for I confess I could 
not help havufig some doubts whether oxygen was really a sub- 
stance, as it is not to be obtained in a simple and palpable state ; 
but its weight is, I think, a decisive proof of its being a real 
body. 

Mn. B, It is easy to estimate its weight, by separating it 
from the manganese, and finding how much the latter has lost. 

Emily. But if you can take the oxygen from the metal, shall we 
notthen have it in its palpable simple state ? 

Mrs. B. No 5 for I can only Separate the oxygen from the 
manganese, by presenting to it some other body, for which it 
has a greater affinity than for the manganese. Caloric.affording 
the two electricities is decomposed, and one of them uniting 
with the oxygen, restores it to the aeriform state. 

Emily. But you said just now, that manganese would attract 
oxygen from the atmosphere in which it is combined with the 
negative electricity ; how, therefore, can the oxygen have a su- 
perior affinity for that electricity, since it abandons it to com- 
bine with the manganese ? 

Mrs. B. 1 give you credit for this objection, Emily ; and the 
only answer I can make to it is, that the mutual affinities of me- 
tals for oxygen, and of oxygen for electricity, vary at different 
temperatures ; a certain degree of heat, will, therefore, dispose 
a metal to combine with oxygen, whilst, on the contrary, the 
former will be compelled to part with the latter, when the tem- 
]:]^rati]re is further increased. Ihave put some oxyd of manga- 
nese into a retort,* which is an earthen vessel with a bent neck, 

*'To collect oxygen gas, take an oil iOaik and having fitted a cork 
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sueb as you see here. (Plate VII. fig. 2.) The retort con- 
taining the manganese you cannot see, as I have enclosed it in 
this furnacey where it is now red-hot. But, in order to make 
you sensible of the escape of the gas, which is itself invisible, 
I have connected the neck of the retoit with this bent tube, the 
extremity of which is immersed in this vessel of water.—- 
(Plate VII. Fig. 3.) Poyou see the bubbles of air rise through 
the water ? 

Caroline. Perfectly. This, then, is pure oxygen gas 5 what 
ci pity it shoi^d be lost ! Could you not preserve it ? 

Mrs. B. We shall collect it in this receiver. — For this pur- 
pose, you observe, I first fill it with water, in order to exclude 
the atmospherical air ; and then place it over the bubbles which 
issue irora the retort, so as to make them rise through the water 
to the upper part of the receiver. 

Emily. The bubbles of oxygen gas rise, I suppose, from 
their specific levity? 

Mrs. B. Yes; for though oxygen forms rather a heavy gas, 
it is tight compared ta water. You see how it gradually displa- 
ces the water from the receiver. It is now fu-l of gas, and I 
may leave it inverted in water on this shelf, where 1 can keep 
the gas as long as I choQse, for future experiments. 'I'his ap- 
paratus (which is indispensable in all experiments in which 
gasses are concerned) is called a water-bath.* 

Caroline. It is a very clever contrivance, incleed ; equally 
simple and useful. How convenient the shelf is for the receiver 
to rest upon under water, &nd the holes in it for the gas to pass 
into the receiver I I long to ntake some experiments with this 
apparatus. ► . 

Mrs. B. I shall try your skill tliat way, when you have a lit* 
tie more experience. I am now going to show you an experi- 
ment, which proves, in a very^striking manner, how essential 
oxygen is to combustion. You will see that iron itself will 
burn in this gas, in the most rapid and brilliant manner. 

Caroline. Really! I did not know that it was possible to 
bum iron. 

to it, pierce the cork so as to admit a bept glass tube ; (the beDding 
is doDe«^ver a spirit lamp.) Put into the flask 9ome black oiyd of mia- 
raoese, and pour on sulphuric acid enough to make it into a paste. 
Then put in the cork and tube, and having connected the other end of 
the tube with a receiver, in the tub of water, apply the heat of ah ar^ 
gand lamp. C. 

* A common large sized wash tub, with a board 4 or 5 inches widfe 
fixed through the middle, and about 6 inches from the top, and filled 
. wit!) water, will answer very welUora great variety of experiments on 
the ^ases. C» 
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Bmify. Iron is a simple body^ and you know, Caroline, that 
all simple bodies are naturally positive, and therefore must have 
an affinity for oxygen. 

Mr9. B. Iron will, however, not bum in atmospherical uf 
without a very great elevation of temperature ; but itis eminen^> 
ly combustible in pure oxygen gas ; and what will surprise you 
still more, it can be set on fire without any considerable rise of 
temperature. You see this spiral iron wire* — I fasten it at one 
end to this cork, which is made to fit an opening at the top of 
the glass-receiver. (Plate VILFig.4.) 

Emily. I see the opening in the receiver ; but it is carefully 
closed by a ^ound glass>stopper. 

Mrs* B. That is in order to prevent the gas from escaping ; 
but I shall take out the stopper, and put in the cork, to which the 
wire hangs. — Now I mean to burn this wire in the oxygen gas, 
but I must fix a small piece of lighted tinder to the extremity of 
it, in order to give tiie first impulse to combustion ; for, howev- 
er powerful oxygen is in promoting combustion, you must re- 
collect that it cannot take place without some elevatioa of tern* 
perature. I shall now introduce the wire into the receiver, by 
quickly changing the stoppers. 

Caroline, Is there no cUmger of the gas escaping while yoQ 
change the stoppers ? 

MrB. B. Oxygen gas is a little heavier than atmospherical 
air, therefore it will not mix with it very rapidly; and. If I do 
not leave the opening uncovered, we shall not lose any ■ 

Caroline. Ufa, what a brilliant and beautiful fiame ! 

Emily. It is as white and dazzling as the sun ! — Now a piece 
of the melted wire drops to the bottom : I fear it is extinguish* 
ed ; but no, it burns again as bright as ever. 

Mrs. B. It will burn till the wire is entirely consumed, pro- 
vided the oxygen is not first expended : for you know it can 
burn only while there b oxygen to combine with it. 

CaroUne. I never saw a more beautiful light. My eyes caff 
hardly bear it ! How astonishmg to think that all this caloric 
was contained in the small quantity of gas and iron that was 
enclosed in the feceiver 5 and that, without producing any sen- 
sible heat ! 

Emily* How wonderfully quick combustion goes on in pure 

* The romboftion of steely as a watch sprinii^, ii mocb more vivid 
than that of iron. This afibnis a very beautiful experimeDt, and if ^ 
easily made afl^r the oxvgen is collected^ A bottle of whit»? glass of a 
quart capacity does well as a receiver. An inch of water at the bot- 
tom will prevent its breaking. C. 
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CKqnce^ gas I But pray^ are these drops of burnt iron as beavy 
as the wire was before ? ^ 

Mrt. B. They are even heavier ; for the iron, in burning, has 
acquired exactly the weight of the oxygen which has disap- 
peared, and is now combined with it. > It has become an oxyd 
of iron. 

Caroiine, I do not know what you mean by saying that the 
Qsygea has dUctppearedy Mrs. B., for it was always invisible. 

J[1r$,B* True, my dear; the expression was incorrect. But 
though you could not see the oxygen gas, I believe you had 
BO douN of its presence, as the effect it produced on the wire 
was suflciently evident. 

Caroline. Yes, indeed ; yet you know it was the caloric, and 
not the oxygen gas itself, that dazded us so much. 

Mrs. B, You ^re not quite correct in your turn, in saying 
the calpric dazzled you ; for caloric is invisible ; it affects only 
the sense of feeling; it was the light which dazzled you. 

Caroline. True ; but light and caloric are such constant com- 
panions, that it is difficult to separate them, even in idea. 

Mr$. B. Theeasier it is to confound them, the more careful 
you should be in making the distinction. 

Caroline. But why.has the water now rises, and filled part 
of the receiver? 

Mrs. B. Indeed, Caroline, I did not suppose you would have 
asked such a question ! I dare say, Emily, you can answer it. 

Emily. Let me reflect rhe oxygen has combined 

with the wire ; the caloric has escaped ; consequendy nothing 
can remain in the receiver, and the water will rise to fill the 
vacuum. 

Caroline. I wonder that I did not think of that I wish 
that we had weighed the wire and the oxygen gas before co^u- 
bustion ; we might then have found whether the weight of the 
oxyd was equal to that of both. . 

Mrs. B. You might try the experiment if you particularly 
wished it ; but I can assure you, that, if accurately performed^ 
it never fails to show that the additional weight of the oxyd i» 
precisely equal to that of the oxygf^ absoipbed, whether ^e pro- 
cess has been a real combustion, or a simple oxygenation. 

Caroline. But this cannot be the case with combustions in 
goneral ; for when any substance is burnt in the common air, 
80 far from increasing in weight, it is evidendy diminished, and 
sometimes entirely consumed. 

Mrs. B. But what do you mean by the expression consumed? 
You cannot suppose that the smallest particle of any substance 
it Mituiecan be actually destroyed. A compound body ia de^ 
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composed by combustion ; some of its constituent parts fly oilt' 
in a gaseous form, while others remain in a concrete state ; the 
former are called the volatiie, the latter the Jixed products of 
combustion. But if we collect the whole of them, we shall 
always find thj^t they exceed the weight of the con%bustible bo- 
dy, by that of the oxygen which has combined with them du- 
ring combustion. 

Emily, In the combustion of a coal fire, then,.! suppose that 
the ashes are what would be called the fixed product, and the 
smoke the volatile product ? 

Mrs. B, Yet when the fire bums best, and the quantity of 
volatile products should be the greatest, there is no smoke; how 
can you account for that ? ' 

Emily Indeed I cannot ; therefore I suppose that I was not 
right in my conjecture. 

Mr9, B. Not quite ; ashes, as 3rou supposed, are a fixed pro- 
duct of combustion ; but smoke, properly speaking, is not one 
of the volatile products, as it consists of some minute undecom* 
posed particles of the coals which are carried off by the heat- 
ed air witliout being burnt, and are either deposited in the form 
of soot, or dispersed by the wind. Smoke, therefore, ultimate^ 
ly, becomes one of the ^xed products of combustion. And 
you may easily conceive that the stronger the fire is, the less 
smoke is produced, because the fewer particles escape combus- 
tion. On tbb principle depends the invention of Argand's 
Patent Lamps ; a current of air is made to pass through the 
cylindrical wick of the lamp, by which means it is so plentiful- 
ly supplied with oxygen, that scarcely a particle of oil escapes 
combustion, nor is there any smoke produced. 

Emily, But what then are the volatile products of combus- 
tion? 

Mrs. B. Various new compounds,, with which you are not 
yet acquainted, and- which being converted by caloric either in- 
to vapour or gas, are invisible ; but they can be collected, and 
we shall examine them at some futiu'e period. 

CaroUne, There are then other gases, besides the oxygen 
and nitrogen gases. ^ 

Mrs. B. Yes, several: any substance that can assume and 
maintain the form of an elastic fluid at the temperature of the 
atmosphere, is called a gas. We shall examine the several 
gases in their respective places : but we must now confine our 
attention to those which compose the atmosphere. 

I shall show you another method of decomposing the atmos- 
phere, which is very simple. In breathing, we retain a portion 
of the oxygen, and expire the nitrogen gas ; so that if we iureathe 
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In a closed vessel, for a certain length of time, the air within it 
will be deprived of its oxygen gas. Which of you will make 
the experiment? 

(kiroHne. I should be very glad to try it. 

Mr«. B, Very well ; breathe several times through this glass 
tobe into the receiver with which it is/onnected, until you feel 
that your breath is exhausted. 

Caroline. I am quite out of breath already I 

Mrs. B, Now let us try the gas with a lighted taper. 

Emily, It is very pure nitrogen gas, for the taper is immedi- 
ately extinguished. 

Mrs, B, That is not a proof of its being pure, but only of the 
absence of oxygen, as it is that principle alone which can pro- 
duce combustion, every other gas being absolutely incapable of 
it.* 

Emily, In the methods which you have shown us, for decom- 
posing the atmosphere, the oxygen always abandons the nitro- 
gen ; but is there no way of taking the nitrogen from the oxy- 
gen^ so as to obtain the latter pure from the atmosphere? 

Mrs, B, You must observe, that whenever oxygen is taken 
from the atmosphere, it is by decomposing the oxygen gas ; we 
cannot do the same with the nitrogen gas, because nitrogen has 
a stronger a£Snity for caloric thsm for any other known princi- 
ple : it appears impossible therefore to separate it from the at- 
mosphere by the power of aiBnities. But if we cannot obtain 
the oxygen gas, by this means, in its separate state, we have no 
difficulty (as you have seen) to procure it in its gaseous form^ 
by taking it from those substances that have absorbed it from 
the atmosphere, as we did with the oxyd of manganese. 

Emily. Can atmospherical air be recomposed, by mixing 
due proportions of oxygen and nitrogen gases ? 

Mrs, B. Yes: if about one part of oxygen gas be mixed with 
about four parts of nitrogen gas, atmospherical air is produ** 
ccd.t 

Emily, The air, then, must be an oxyd of nitrogen ? 

Mrs, B, No, my dear; for it requires a chemical combina- 
tion between oxygen and nitrogen in order to produce an ox** 
yd; whilst in the atmosphere these two substances are separate- 
ly combined with caloric, forming two distinct gases, which 
are simply mixed in the formation of the atmosphere. 

I shall say nothing more of oxygen and nitrogen at present, 

* This does not agree with tbe opinion that ehiorinej and ixdi'M are 
simple bodies, since they are botii supporters of combustion.^ C. 

t The proportion of oxygen in the atmosphere varies/rom 21 to 2^ 
per cent. 
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as we ^aU continually have occasion to refer to them in our 
future conversations. They are both very abundant in nature ; 
nitrogen is the most plentiful in the atmosphere, and exists also 
in all animal substances; oxygen forms a constituent part, botd 
of the animal and vegetable kingdoms, from which it may be 
obtained by a variety o^chemical means. But it is now tim^ to 
conclude our lesson. lam afraid you have learnt more to-day 
than you will be able to remember. 

Caroline, I assure you that I have been too much interested 
in it, ever to forget it. In regard to nitrogen there seems to b^ 
but little to remembei 5 it makes a very insignificant figure in 
cor p trison to oxygen, although it composes a much larger por* 
lion of the atmosphere. ^ 

Mr%, b. Perhaps this insignificance you complain of may 
arise from the compound nature of nitrogen, for though I have 
hitherto considered it as a simple body, because it is not known 
in any natural process to be decomposed, yet from some exper- 
iments of Sir H. Davy, there appears to be reason for suspecting 
that nitrogen b a compound body as we shall see afterwards. 
But even in its simple state, it will not appear so insignificant 
when you are better acquainted with it ; for though it seems to 
perform but a passive part in the atmosphere, and has no very 
striking properties, when considered in its separate state, yet 
you will see by-and bye what a very important agent it becomes, 
when combined with other bodies. But no more of this at pres- 
ent 5 we must reserve it for its proper place. 



CONVERSATION VII. 
ON HYDttOGEN. 

Caroline, The next simple bodies we come to are chlorink, 
and IODINE* , Pray what kinds of substances are these ; are 
they also invisible ? 

Mrs. JB. No $ for chlorine, in the state of gas, has a distinct 
greenish colour, and is therefore visible ; and iodine, in the same 
state, has a beautiful claret-red colour. The knowledge of these 
two bodies, however^ and the explanation of their properties, 
imply various considerations, which you would not yet be able 
to understand ; we shall therefore defer their examination to 
some future conversation, and we i^hall pass on to the next sim- 
ple substance, Htdroosn, which we cannot^ any more than ox- 
ygen, obtain m a visible or palpable form. We are acquainted 
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with it only In its gaseous state^ as we are with oxygen and ni^ 
trogen. 

CaroHne. But in its gaseous state it cannot be called a sim^ 
pie substance, since it is combined with heat and electricity ? 

Mrs. B. True, my dear ; but as we do not know in nature of 
mhy substance which is not more or less combined with caloric 
md electricity, we ai*e apt to say that a%substance is in its pure 
state when combined with those agents only. 

Hydrogen was formerly called infiammakh cdr^ as it is ex- 
trenaely combustible, and burns with a great flame. Since the 
invention of the new nomenclature, it has obtained the name of 
hydrogen, which is derived ffbm two Greek words, the meaning 
of which is to produce water. 

Emily. And how does hydrogen produce water ? 
Mrs. B. By its combustioa. Water is composed of eighty- 
five parts, by weight, of oxygen, combined with fifteen parts of 
hydrogen 5 or of two parts^ by bulk of hydrogen gas, to one 
part of oxygen gas. 

Curoline, Really ! is it possible that water should be a com- 
bination of two gases, and that one of these should be inflamma- 
ble air ! Hydrogen must be a most extraordinary gas that will 
P«>dtice both fire and water. 

Emily. But I thought you said that combustion could take 
place in no gas but oxygen ? 

Mrs. B. Do you recollect what the process of combustion 
consists in ? 

Emily, In the combination of a body with oxygen, with dis- 
engagement of light and heat. 

Mrs. B. Therefore when I say that hydrogen is combustible, 
I mean that it has an aflinity for oxygen; but, like all other 
combustible substances, it cannot burn unless supplied with ox- 
ygen, and also heated to a proper temperature. 

Caroline. The simply mixing fifteen parts of hydrogen, with 
eighty-five parts of oxygen gas, will not, therefore, produce 
water? 

Mrs. B. No ; water being a much denser fluid than gases, 
in-order to reduce thes9 gases to a liquid, it is necessary to di- 
minish the quantity of caloric or electricity which maintains 
them in an elastic form. 

Emily. Th^t I should think might be done by combining the 
oxygen and hydrogen together ; for in combining they would 
give out their respective electricities in the form of caloric, and 
by this means would be condensed. 

^Caroline. But you forget, Emily, that in order to make the 
oxygen and hydrogen combine, you must begin by elevating 
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their temperature^ which increases, iastead of diminishing, their 
electric enei-gies^ 

Mn. B. Emily is, however, right \ for though it is necessary 
to raise their temperature, in order to make them combine, as 
that combination affords them the means of parting with their 
electricities, it is eventually the cause of the diminution of 
electric energy. 

Caroline, You love to deal in paradoxes to-day, Mrs. B,o— 
Fire, then, produces water ? 

Mn, B. The combustion of hydrogen gas certainly does i 
but you do not seem to have remembered the theory of com- 
bustion so well as you thought you would. Can you tell me 
what happens in the combustion of hydrogen gas ? 

Caroline, The hydrogen combines with the oxygen, and 
their opposite electricities are disengaged in the form of caloric. 
—Yes, I think I understand il now — by the loss of this caloric^ 
the gases are condensed into a liquid. 

Emily. Water, then, I suppose, when it evaporates and in- 
corporates with the atmosphere, is decomposed and ccmverted 
into hydrogen and ©xygen gases ? 

Mrs.B, ^Oj myL dear— there you are quite mistaken ; the 
decomposition of water is totalljr dffferjent^^ront its ^vsjiOi a- 
tion ; for in the latter case (as you should recollect) water is on- 
ly in a state of very minute division; and is merely suspended 
in the atmosphere, without any chemical combination, and with- 
out any separation of its constituent parts. As long as these 
remain combined, they form water, whether in a state of li- 
quidity, or in that of an elastic fluid, as vapour, or under the 
solid form of ice. 

[n our experiments on latent heat, you may recollect that we 
caused water successively to pass through these three forms, 
merely by an increase or diminution of caloric, without employ- 
ing any power of attraction, or effecting any decomposition. 

Caroline. But are there no means of decomposing water ? 

Mrs, B, Yes, several; charcoal, and metals, when heated 
red hot, will attract the oxygen from water, in the same manner 
as they will from the atmosphere. 

Caroline, Hydrogen, I see, is like nitrogen, a poor dependent 
friend of oxygen, which is continually forsaken for greater fa- 
vourites. 

Mrs, B, The connection, or friendship, as you choose to call 
it, is much more intimate between oxygen and hydrogen, in the 
state of water, than between oxygen and nitrogen, in the atmos- 
phere ; for, in the first case, there is a chemical union and con- 
densation of the two substances ; in the latter, they are simply 
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mixed together tn tkeir gaseous state. Y09 will find, howeveri 
that, in some cases, nitrogen is quite as intimately connected 
with oxygen, as hydrogen is.-^But thb is foreign to our present 
subject. 

Emily, Water^ then, is an oxyd^ though the atmospherical 
air is not ? 

Mrg, B. It is not commonly called an oxyd, though, accor« 
ding to our definition, it may, no doubt, be referred to that class 
oi bodies. 

Caroline. I should like extremely to see water decomposed. 

Mrs. B. I can gratify your curiosity by a much more easy 
process than the oxydation of charcoal or metals: the decom- 
position of water by these latter means take up a great deal of 
time, and is attended with much trouble ; for it is necessary that 
the charcoal or metal should be made red hot in a furnace, that 
the water should pass over the.-n in a state of vapour, that the 
gas formed should be collected over the water bath, &c. In 
short, it b a very complicated affair. But the same effect may 
be produced with the greatest facility, by the action of th^ 
Voltaic battery, which this will give me an opportunity of ex- 
hibiting. 

Caroline. I am very glad of that, for I longed to see the 
power of thi^ apparatus in decomposing bodies. 

Mrs. B. For this purpose I fill this piece of glass-tube 
(Platjb VIIL Fig. 1.) with water, and cork it up at both ends; 
through one of the corks I introduce that wire of the battery 
which conveys the positive electricity ; and the wire whicl^con- 
veys the. negative electricity is made to pass through the other 
corkf so that the two wires approach each other sufficiently 
near to give out their respective electricities* 

Caroline. It does not appear to me that you approach the 
wires so near as you did when you made the battery act by itf 
self. 

Mrs. 5. Water being a better conductor of electricity than 
air, the two wires will act on each other at a greater distance in 
the former than in the latter. 

Endly. Now the electrical effect appears : I see small bub- 
bles of air emitted from each wire. 

Mrs. B. Each wire decomposes the water, the positive by 
combining with its oxygen which is negative, the negative by 
combining wit|) its hydrogen which is positive. 

Caroline. That is wonderfully curious ! But what are the 
small bubbles of air ? 

Mrs. B. Those that appear to proceed from the positive 
wirei are the result of the decomposition of the water by that 

10* 
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wire. That is to say, the positive electricity having <;<)mhmed 
with some of the oxygen of the water, the particles of hydro- 
gen which were combined with that portion of oxygen are set at 
liberty, and appear in the form of small bubbles of gas or air. 

Emily. And I suppose the negative fluid having in the same 
manner combined with some of the hydrogen of the water, the 
particles of oxygen that were combined with it, are set free, and 
emitted in a gaseous form. 

Mrs, B. Precisely so. But I should not forget to observe, 
that the wires used in this experiment are made of plating, a 
metal which is not capable of combining with oxygen ; for 
otherwise the wire would combme with the oxygen, and the hy- 
drogf?n alone would be disengaged. 

Caroline. But could not water be decomposed without the 
electric circle being completed ? If, for instance, you immersed 
only the positive wire in the water, would it not combine with 
the oxygen, and the hydrogen gas be given out ? 

Mrs. B. No ; for as you may recollect, the battery cannot 
act unless the circle be completed ; since the positive wire will 
not give out its electricity, unlei^s attracted by that" of the nega- 
tive wire. 

Caroline. I understand it now. — Bdt look, Mrs. B-, the de- 
composition of the water which has now been going on for some 
time, does not sensibly diminish its quantity-^what is the rea- 
son of that? 

Mrs. B. Because the quantity decomposed is so extremely 
smsdi. If you compare the density of water with that of 
the gases into which it is resolved, you must be aware that a sin- 
gle drop of water is sufficient to produce thousands of such small 
bubbles as those you now perceive. 

Caroline. But in this experiment, we obtain the oxygen and 
hydrogen gases mixed together. Is there any means of procu- 
ring the two gases separately ? 

Mrs. B. They can be collected separately with great ease, 
by modifying a little the experiment. Thus if instead of one 
tube, we employ two, as you see here(c, d, Plate VIII. fig. 2,) 
both tubes being closed at one end, and open at the other ; and 
if after fiUmg these tubes with water, we place them standing in 
a glass of water (e), with their open end downwards, you will 
see that the moment we connect the wires^(a, b) which proceed 
upwards from the interior of each tube, the one with one end 
of the battery, and the other with the other end, the water in the 
lubes will be decomposed ; hydrogen will be given out round 
the wire in the tube connected with the positive end of the bat- 
tery, and oxygen in the other ; and these gases will be evolved 
exactly in the proportions which 1 bare before mentioDed, name* 
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ly, two meastures of hydirc^eii foroiie of oxygen. Weshall now 
begin the experiment, but it will be sotne time before any sensi' 
ble quantity of the gases can be collected. 

Emily. The decomposition of water in this way, slow as it is, 
is certainly very wonderful ; but I confess that I should be still 
more gratified, if you could show it us on a larger scale, and by 
B quicker process. I am sorry that the decomposition of water 
by charcoal or metals is attended with so much inconvenience, 

Mrs. B. Water may be decomposed by means of metals 
without any difficulty : but for this purpose the intervention of 
an acid is required. Thus, if we add some sulphuric acid (a 
substance with the nature of which you are not yet acquainted) 
to the water which the metal is to decompose, the acid disposes 
the metal to combine with the oxygen of the water so readily 
and abundantly, that no heat is required to hasten the process^ 
Of this I am going to show you an instance. I put into this bot- 
tle the water that is to be decomposed, as also the metal that is. 
to effect that decomposition by combining with the oxygen^ 
and the acid which is to facilitate the combination of the metal 
. and the oxygen. You will see with what violence these will act 
on each other.* 

Caroline. But what metal is it that you employ for this pur-* 
pose ? 

Mrs. B. It is iron ; and it is used in the state of filings, as 
these present a greater surface to the acid than a solid piece of 
metal. For as it is the surface of the metal which is acted up- 
on by the acid, and is disposed to receive the oxygen produced 
by the decomposition of the water, it necessarily follows that 
the greater is the surface, the more considerable is the efiect. 
The bubbles which are now rising are hydrogen gas — — 

CaroHne. How disagreeably it smells ! [Pure hydrogen is 
inodorous. Q.] 

Mrs. B, It is indeed unpleasant, though, I believe, not par- 

* 'To obtain hydrogen, fit a corjt air tight to an oil flask, and pierce 
it with a burning iron, to admit a tube. The tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the opening made 
by the hot iron. Pour into the flask about a gill of water, and drop in- 
to it aboi^t an ounce of zinc, granulated by melting, and pouring it in- 
to cold water. Then pour in half an ounce by measure of sulphuric 
acid, and immediately put the eork into its place, and plunge the oth- 
er end of the tube under a receiver, or large tumbler, filled with water, 
and inverted in the water- bath. The flask grows hot and the gas be- 
gins to rise, the instant the acid \b poured in ; a place therefore must 
Previously be prepared to set it ; and if nothing better is at hand, a 
owl, with a cloth in it, to prevent breaking the flask, and set at a 
conveaient height will do very well. C. 
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ticularly hurtful. We shall not, however, suffer any more to 
escape, as it will be wanted for experiments. 1 shall, therefore^ 
collect it in a glass-receiver, by making it pass through this bent 
tube, which will conduct it into the water-bath. (Plats VIII. 
fig. 3.) 

Emily, How very rapidly the gas escapes ! it is perfectly 
transparent, and withou^ any colour whatever. — ^Now the re- 
ceiver is full '■■ 

Mrs, B. We shall, therefore, remove it, atid substitute anoth- 
er in its place. But you must observe, that when the receiver 
b full, it is necessary to ke^p it inverted with' the mouth under 
water, otherwise the gas would escape. And in order that it 
may not be in the way, I introduce within the bath, under the 
water, a saucer, into which I slide the receiver, so that it can 
be taken out of the bath and conveyed any where, the water in 
the isaucer being equally effectual in preventing its escape as 
that in the bath. (Plate VIII. fig. 4.) 

Emily. I am quite surprised to see what a large quantity of 
hydrogen gas can be produced by such a small quantity af wa- 
ter, especially as oxygen is the principal constituent of water. 

Mrs, B, In weight it is; but not in volume. For though the 
proportion, by weight, is nearly six parts of oxygen tp one of 
hydrogen, yet the proportion of the volume of the gases, is 
about one part of oxygen to two of hydrogen ; so much heavier 
is the former than the latter.* 

CctroUne, But why is the vessel in which the water is decom- 
posed so hot ? As the water changes from a liquid to a gaseous 
form, cold should be produced instead of heat. 

Mr^. B, No ; for if one of the constituents of water is con- 
verted into a gas, the other becomes solid in combining with the 
metal. 

Emily, In this case, then, neither heat nor cold should be 
produced.^ 

Mrs. B. True ; but observe that the sensible heat which is 
disengaged in this operation, is not owing to the decomposition 
of the water, but to an extrication of heat produced by the mix- 
ture of water and sulphuric acid. I will mix some water and 
sulphuric acid together in this glass, that you may feel the sur- 
prising quantity of heat which is disengaged by their union — 
now take hold of the glass — — 

Caroline. Indeed I cannot ; it feels as hot as boiling water. 
I should have imagined there would have been heat enough dis- 
engaged to have rendered the liquid solid. 

* Hydrogen is about thirteen iimeA tighter than atmospheric air. C. 
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cannot refer this heat to the modification called latent heat. 
We may, however, I think, cpnsider it as heat of capacity, since 
the liquid is condensed by its loss; and if you were to repeat 
the experiment, in a graduated tqbe, you would find that the 
two liquids, when mixed, occupy considerably less space than 
they did separately. — But we will reserve this to another op- 
portunity, and attend at present to the hydrogen gas which we 
have been producing. 

If I now s^ the hydrogen gas, which is contained in this re- 
ceiver, at liberty all at once, and kindle it as soon as it comes 
in contact with the atmosphere, by presenting it to a candle, it 
will so suddenly and rapidly decompose the oxygen gas, by 
combining with its basis, that an explosion, or bl detonatifm (as 
chemists commonly call it,) will be produced. For this pur- 
pose, I need only take up the receiver, and quickly present its 
open mouth to the candle ^so 

Caroline. It produced only a sort of hissing noise, with a 
vivid flash of tight. I had expected a much greater report. 

Mrs. B. And so it would have been, had the gases been 
dosely confined at the moment they were made to explode. If/ 
for instance, we were to put in this bot^e a jmixture of hydro- 
gen ^as andf atmospheric air ; and if, after corking the~biyiii€j 
we should kindle the mixture by a very small orifice, from the 
sudden dilatation of the gases at the moment of their combina- 
tion, the bottle must either ^y to pieces, or the c^rk be blown 
out with considerable violence. 

Caroline. But in the experiment which we have just seen, if 
you did not kindle the hydrogen gas, would it not equally com- 
bine with the oxygen ? 

Mrs. B, Certainly not ; for, as I have just explained to you, 
it is necessary that the oxygen and hydrogen gases be burnt to- 
gether, in order to combine chemically and produce water. 

Caroline. That is true ; but I thought this was a different 
combination, for I see no water produced. 

Mrs. B. The water resulting from this detonation was so 
small in quantity, and in such a state of minute division, as to 
be invisible. But water certainly was produced ; for oxygen 
is incapable of combining with hydrogen in any other propor- 
tions than those which form water j therefore water must al- 
ways be the result of their combination. 

If, instead of bringing the hydrogen gas into sudden contact 
with the atmosphere (as we did just now) so as to make the 
whole of it explode the moment it is kindled, we allow but a 
very small surface of gas to burn in contact with the atmosphere, - 
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the combustion goes on quietly and gradually at the point of x^oe** 
tact, without any detonation, because the surfaces brought to- 
gether are too small for the immediate union of gases. The 
experiment is a very easy one. This phial, with a narrow 
neck, (Plate VIII. fig 5.) is full of hydrogen gas, and is care- 
fully corked. If I take out the cork without moving the phial, 
and quickly approach the candle to the orifice, you will see how 
difierent the result will be* 

Emily, How prettily it burns, with a blue fiame ! The fiame 
is gradually sinking within the phial — now it has tntirely disap- 
peared. But does not this combustion likewise produce water? 

Mrs, B, Undoubtedly. In order to make the formation of 
the water sensible to you, I shall procure a fresh supply of. hy- 
drogen gas, by putting into this bottle (Plate VIII. ^g. 6.) 
iron-filings, water, and sulphuric acid, materials similar to those 
which we have just used for the same purpose. I shall then 
tork up the bottle, leaving only a small orifice in the cork, with 
a piece of glass-tube fixed to it, through which the gas will issue 
in a continued rapid stream. 

• Caroline, 1 hear already the hissing of the gas through the 
tube, and I can feel a strong current against my hand. 

Mrs* §• This current! am ^oing. to kindle with the candle 
—see how vividly it burns 

Emily, It burns like a candle with a long flame. But why 
does this combustion last so much longer than in the former ex- 
periment } * 

Mrs. B. The combustion goes on interruptedly as long as the 
new gas continues to be produced. Now if I invert this recei- 
ver over the flame, you will soon perceive its internal surface 
covered with a very fine dew, which is pure water f 

Caroline, Yes, indeed ; the glass is now quite dim with mois- 
ture ! How glad 1 am that we ean see the water produced by 
this combustion. 

Emily, It is exactly what I was anxious to see 5 for I confess 
I was a little incredulous. 

Mrs. B, If I had not held the glass-bell over the flame, the 
water would have escaped in the state of vapour, as it did in the 

• The levity of hydrogen is such, that if a vessel be filled with it, 
aad kept inverted, it may be carried about the room, without its es- 
caping. The above experiment therefore may be raude by bringing 
a small jar, or tujnbler of the gas over a lighted lamp. C 

t The burning of a candle, lamp, wood &c. always produces water. 
The tallow and oil contain hydrogen, and during combustion, it unites 
with the oxygen of the atmosphere. Hold a wide tul>e over a lamp, 
and it is soon covered with moisture. Wood cootains hydrogen. C. 
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former experiment. We have, here, of course, obtained but a 
very small quantity of water ; but the difficulty of prbducing a 
proper apparatus, with sufficient quantities of gases, prevents 
ipy showing it you on a larger scale. 

The composition of water was discovered about the same pe- 
riod, both by Mr, Cavendish, in this country, and by the cele- 
brated French chemist, Lavoisier. The latter invented a very 
perfect and ingenious apparatus to perform, with great accura- 
cy, and upon a large scale, the formation of water by the com- 
bination of oxygen and hydrogen gases. Two tubes, convey- 
ing due proportions, the one of oxygen, the other of hydrogen 
gas^ are inserted at opposite sides of a large globe of glass, pre- 
viously exhausted of air 5 the two streams of gas are kindled 
within the globe, by the electrical spark, at the point where 
they come in contact ; they burn together, that is to say, the hy- 
drogen combines with the oxygen, the caloric is set at liberty, 
and a quantity of water is produced exactly equal, in weight, to 
that of the two gases introduced into the globe. 

Caroline, And what was the greatest quantity of Water ever 
formed in this apparatus ? 

Mrs. B. Several ounces ; indeed, very nearly a pound, if I 
recollect right ; but the operation lasted many days. 

Emily, This experiment must have convinced all the world 
of the truth of the discovery. Pray, if improper proportions 
of the gases were mixed and set fire to, what would be the re- 
sult ? 

Mrs. B. Water would equally be formed, but there would be 
a residue of either one or other of the gases, because, as I have 
already told you, hydrogen and oxygen will combine only m 
the proportions requisite for the formation of water. 

Emily, Look, Mrs. B., our experiment with the Voltaic bat- 
tery (Plate VIII. fig. 2.) has made great progress; a quanti- 
ty of gas has been formed in each tube, but in one of them there 
Is twice as much as in the other. 

Mrs. B, Yes j because, as I said before, water is composed 
of two volumes of hydrogen to one of oxygen — and if we should 
now mix these gases together and set fire to them by an electric- 
al spark, both gases would entirely disappear, and a small quan- . 
tity of water would be formed. 

There is another curious efiect produced by the combustioa 
<rf hydrogen gas, which I shall show you, though I must ac- 
quaint you first, that I cannot well explain the cause of it. For 
this purpose, I must put some materials into our apparatus, in 
order to obtain a stream of hydrogen gas, just as we have done 
before. The process is already going on, ?ind the gas is rush- 
ing through the tube — I shall now kindle it with the taper-—— 
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Emily* It burns exactly as it did before What is the cu- 
rious effect which you were mentioning? 

Mrs. B. Instead of the receiver, by means of which we have 
just seen the drops of water form, we shall invert over the flame 
this piece of tube, which is about two feet in length, and one 
inch in diameter (Plate VIII. fig. 7.5) but you must observe 
that it is open at both ends. 

Emily. What a strange noise it makes ! something like the 
£olian harp, but not so sweet. 

Caroline. It is very singular, indeed 5 but I think rather too 
powerful to be pleasing. And is not this sound accounted for ? 

Mrs. B. That the percussion of glass, by a rapid stream of 
gas, should produce a sound, is not extraotdinary : but the 
sound here is so peculiar, that no other gas has a similar effect. 
Perhaps it is owing to a brisk vibratory motion of the glass, oc- 
casioned by the successive formation and condensation of small 
drops of water on the sides of the glass tube, and the air rush- 
ing in to replace the vacAium formed.* 

Caroline. How very much thb flame resembles the burning 
of a candle. 

Mrs. B. The burning of a candle is produced by much the 
same means. A great deal of hydrogen is contained in candles, 
whether of tallow or wax. This hydrogen being converted in- 
to gas by the heat of the candle, combines with the oxygen of 
the atmosphere, and flame and water result from this combina- 
tion.t So that, in fact, the flame of a candle is owing to the 
combustion of hydrogen gas. An elevation of temperature, 
such as is produted by a lighted match or taper, is required to 
give the first impulse to the combustion ; but afterwards it goes 
on of itself, because the candle finds a supply of caloric in the 
successive quantities of heat which results from the union of 
the two electricities given out by the gases during their combus- 
tion. But there are other circumstances connected with the 
combustion of candles and lamps, which I cannot explain to 
you till you are acquainted with carbon, which is one of their 
constituent parts. In general, however, whenever you see 
flame, you may infer that it is owing to the formation and burn- 
ing of hydrogen gas ;|: for flame is the peculiar mode of burn- 

* This ingenious explanation was first suggested by Dr. Delarive. — 
See Journals of the Royal Institution, vol. i. p. 259. 

t The candle also contains carbon, which gives brilliancy to the 
flame, and the product of the combination besides flame and water is a 
quantity of carbonic acid. 1 . 

t Or rather hydro-carhonat^ a gas composed of hydrogen and carbon, 
which will be noticed under the bead Carbon. 
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ing hydrogen gas, which, with only one or two apparent excep- 
tions, does not belong to any other combustible. 

Emily » You astonish me ! 1 understood that flame was the 
caloric produced by the union of the two electricities, in all 
combustions whatever ? 

Mrs. B, Your ejrror proceeded from your va^ue and incor- 
rect idea of flame ; you have confounded it with light and calo- 
ric in general. Flame always implies caloric, since it is produ- 
ced by the combustion of hydrogen gas ; but all caloric does 
not imply flame. Many bodies burn with intense heat without 
producing flame. Coals, for instance, burn with flame ulitil 
ail the hydrogen which they contain is evaporated ; but when 
they afterwards become red hot, much more caloric is disengaged 
than when they produce flame. 

Caroline, But tlie iron wire, which you burnt in oxygen gas, 
appeared to me to emit flame; yet, as it was a simple metal, it 
could contain no hydrogen ? 

Mrs. B. It produced a sparkling dazzling blaze of light, but 
no real flame. 

Caroline. And what is the cause of the regular shape of the 
flame of a candle ? 

Mrs, B, The regular stream of hydrogen gas which exhales 
from its combustible matter. 

Caroline, But the hydrogen gas must, from its great levity, 
Bsc'vnd into the upper regions of the atmosphere : why there- 
fore does not the flame continue to accompany it ? 

Mrs. B, The combustion of the hydrogen gas is completed 
at the point where the flame terminates; it then ceases to be 
hydrogen gas, as it is converted by its combination with oxygen 
into watery vapour; but in a state of such minute division as to 
be invisible. 

Caroline. I do not understand what is the use of the wick of 
a candle, since the hydrogen gas burns so well without it ? 

Mrs. B. The combust ble matter of the candle must be de- 
composed in order to emit the hydrogen gas, and the wick is 
instrumental in effecting this decomposition, lis combustion 

first melts the combustible matter, and 

Caroline. But in lamps the combustible matter b already 
fluid, and yet they also require wicks ? 

Mrs* B. I am going to add that, afterwards, the burning wick 

(by the power of capillary attraction) gradually draws up the . 

fluid to the point where combustion takes place; for you must 

have observed that the wick does not burn quite to the bottom^. 

Caroline. Yes ; but 1 do not understand why it does not. 

Mrs. B, Because the air has not so free an access to that 

11 
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part of the wick which is imiDediately in contact with the can- 
dle, as to the part just above, so that the beat there is not suffi- 
cient to produce its decomposition ; the combuBtion therefore 
begins a tittle above this point.*' 

Caroline. But, Mrs. B. in those beautiful lights, called gas- 
lights^ which are now seen in many streets, and will, I hope, be 
soon adopted every where, I can perceive no wick at all. How 
are these lights managed ? 

Mrs, B, I am glad you have put me in mind of saying a ievv 
words on tliis very useful and interesting improvement. In this 
mode of lighting, the gas is conveyed to the extremity of a 
tube, where it is kindled, and burns as long as the supply con- 
tinues. There is, therefore, no occasion for a wick, or any 
other fuel whatever. 

Emily. But how is this gas procured in such large quanti- 
ties ? 

Mrs. B. It is obtained from CQal, by distillation. — Coal, 
when exposed to heat in a close vessel, is decomposed ; and hy- 
drogen, which is one of its constituents, rises in the state of gas, 
combined with another of its component parts, carbon, forming 
a compound gas, called Hydro-carbonat, the nature of which 
we shall again have an opportunity of noticing when we treat 
of carbon. This gas, like hydrogen, is perfectly treffisparent, in- 
visible, and highly inflammable; and in burning it emits that 
vivid light which you have so often observed. 

Caroiine. And does the process for procuring it require no- 
thing but beating the coals, and conveying the gas through 
tubes } 

Mrs, B. Nothing else ; except that the gas must be made to 
pass, immediately at its formation, through two or three large 
vessels of watcr,T in which it deposits some other ingredients, 
and especially water, tar, and oil, which also arise from the 
distillation of coals. The gas-light apparatus, therefore con- 
sists simply in a large iron vessel, in which the coals are expo- 
sed to the heat of a furnace, — some reservoirs of water, in 

* In the burning of a candle, the reason why combustion does not 
take place in immediate contact with the tallow is, (hat the caloric 
is here employed in converting a solid into a fluid, as explained in 
the conrersation of free caloric. In the burning oi a lamp if the 
same thing takes place, it is because the metallic tube through which 
• the wick passes, conducts o^the heat. C. 

t The ^as is passed through one vessel of slacked lime and water to 
absorb the carbonic acidgas, with which it is always more or leas aiix- 
ed» when first distilled. C. 
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whicli the gas deposits its impurities, — and tubes that convey: 
it to the desired spot, being propelled with uniform velocity 
through the tubes by means of a certain degree of pressure 
which is made upon the reservoir. 

Emily, What an admirable contrivance ! Do you not think, 
Mrs. B., that it will soon get into universal use ? 

AJrs. B. Most probably, for the purpose of lighting streets, 
offices, and public places, as it far surpasses any former inven- 
tion for that purpose; but in regard to the interior of private 
houses, this mode of lighting has not yet been sufficiently tried 
to know whether it will be found generally desirable, either with 
respect to economy or convenience. It may, however, be con- 
sidered as one of the happiest applications of chemistry to the 
comforts of life; and there is every reason to suppose that it 
will answer the full extent of public expectation. 

I have another experiment to show you with hydrogen gas, 
which I think will entertain you. Have you ever blown bub- 
bles with soap and water ? 

Emily. Yes, often, when I was a child ; and I used to make 
them float in the air by blowing them upwards. 

Mrs, B, We shall fill some such bubbles with hydrogen gas, 
instead of atmospheric air, and you will see with what ease and 
rapidity they will ascend, without the assistance of blowing, 
from the lightness of the gas.— Will you mix some soap and 
water whilst I fill this bladder with the gas contained in the re- 
ceiver which stands on the shelf in the water-bath ? 

Caroline, What is the use of the brass-stopper and turn-cock 
at the top of the receiver ? 

Mrs. B. It is to afiford a passage to the gas when required. 
There is, you see, a similar stop-cock fastened to this bladder, 
which is made to fit that on the receiver. I screw them one on 
the other, and now turn the two cocks, to open a communica- 
tion between the receiver and the bladder; then, by sliding the 
receiver ofi'the shelf, and gently sinking it into the bath, the 
water rises in the receiver and forces the gas into the bladder. 
(Plate IX. fig. 1.) 

Caroline. Yes, I see the bladder swell as the water riles in 
the receiver. 

Mrs. B. I think that we have already a sufficient quantity in 
the bladder for our purpose; we must be careful to stop both 
the cocks before we separate the bladder from the receiver, lest 
the gas should escape.—- Now I must fix a pipe to the stopper 
of the bladder, and by dipping its mouth into the soap and wa- 
ter, take up a few drops^ — ^then I pgain turn the cock, and 
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squeeze the blar?der in order to force the ^as into the soap and 
water at iho mouth of the pipe. (Plate IX. fig. 2.) 

EmVy. There is a bubble — but it bursts before it leaves the 
mouth t»f the pipe. 

Mrs. B. We must have patience and try again ; it is not so 
easy to blow bubbles by means of a bladder, as simply with the 
breath. 

Caroline, Perhaps there is not soap enough in the water ; I 
should have had warm water, it would have dissolved the soap 
b ter. 

Emily. Does not some of the gas escape between the blad- 
der and the pipe ? 

Mrs. B. No, they are perfectly air tight ; we shall succeed 
presently, I dare say. 

Caroline, Now a bubble ascends ; it moves with the rapidi- 
ty of a balloon. How beautifully it refracts the light ! 

Emily. It has burst against the ceiling — you succeed now 
wonderfully ; but why do they all ascend and burst against the 
ceiling ? 

Mrs, B. Hydrogen gas is so much lighter than atmospherical 
air, that it ascends rapidly with its very light envelope, which is 
burst by the force with which it strikes the ceiling. 

Air-balloons are filled with this gas, and if they carried no 
other weight than their covering, would ascend as rapidly as 
these bubbles. 

Caroline, Yet their covering must be much heavier than that 
of these bubbles ? 

Mrs, B, Not in proportion to the quantity of gas they con- 
tain. I do not know whether you have ever been present at 
the filling of a large balloon. The apparatus for that purpose 
is very simple. It consists of a number of vessels, either jars or 
barrels, in which the materials for the formation of the gas are 
mixed, each of these being furnished with a tube, and communi- 
cating with a long flexible pipe, which conveys the gas into the 
balloon. 

Emily, But the fire-balloons which were first invented, and 
iiave been since abandoned, on account of their being so dan- 
gerous, were constructed, I suppose, on a difierent principle. 

Mrs. B, They were filled simply with atmospherical air, 
considerably rarified by heat 5 and the necessity of having a 
fire underneath the balloon, in order to preserve the rarefaction 
of the air within it, was the circumstance productive of so much 
xianger. 

If you are not yet tired of experiments, I have another to 
show you. It consists in filling soap-bubbjes with a mixture of 
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hydrogen and oxygen gases, in the proportions that form water ; 
and afterwards seitinj» fire to them. 

Emily ^ Th^y will detonate, 1 suppose ? 

Mrs, B, Yes, they will. As you have s^en the method of 
transferring the gas from the receiver into the bladder, it is not 
necessary to repeat it. I have therefore provided a bladder 
which contains a due proportion of oxygen and hydrogen gases, 
and we have only to blow bubbles with it. 

Caroline, Here is a fine large bubble rising — shall I set fire 
to it with the candle ? 

Mrs. B. If you please 

Caroline, Heavens, what an explosion !* — It \^as like the 
report of a gun : I confess it frightened me much. I never 
should have imagined it could be so loud. 

Emily. And the fiash was as vivid as lightning. 

Mrs. B. The combination of the two gases takes place du- 
ring that instant of time that you see the dash, and hear the de- 
tonation. 

Emily. Thii has a strong resetablance to thunder and light- 
ning.t 

Mrs. B. These phenomena, however, are generally of an 
electrical nature. Yet various meteorological efl'<^ts may be at- 
tributed to accidental detonations of hydrogen gas in the atmos- 
phere ; for nature abounds with hydrogen : it constitutes a very 
considerable portion of the whole mass of water belonging to 
our globe, and from that source almost every other body obtains 
it. It enters into the composition of all animal substances, 
and of a great number of minerals; but it is most abundant in 
vegetables. From this immense variety of bodies, it is often 
spontaneously disengaged ; its great levity makes it rise into the 
superior regions of the atmosphere ; and when, either b;^ an 
electrical spark, or any casual elevation of temperature, it takes 
fire, it may produce such meteors or luminous appearances as 
are occasionally seen in the atmosphere. Of this kind are 
probably those broad flashes which we often see on a summer- 
evening, without hearing any detonation. 

EmUy. Every flash, I suppose, must produce a quantity of 
water ? 

* In malting this experiment, always be careful to turn the stop-cock, 
or detach the bubble completely from the pipe before it is set fire to ; 
otherwise a sad accident may happen from the gas taking fire in the 
bladder. C. 

t I he report is owing to the air, rushing in to fill the vacuum, cau- 
sed by the condensation of the two gasses aad the heat eztritated at 
the same instant C. 

, 11* 
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Caroline. And this water, naturally, descends in the form of 
rain? 

Mrs. B, That probably is often the case, though it is not a 
necessary consequence ; for the water may be dissolved by the 
atmosphere, as h descends towards the lower regions, and re- 
main there in the form of clouds. 

The application of electrical attraction to chemical phenom- 
ena is likely to lead to many very interesting discoveries in me- 
teorology 5 for electricity evidently acts a most important part 
in the atmosphere. This subject however is, as yet, not suffi- 
ciently developed for me to venture enlarging upon it. The 
phenomena of the atmosphere are far from being well under- 
stood ; and even with the little that is known, I am but imper- 
fectly acquainted. 

But before we take leave of hydrogen, I must not omit to 
mention to you a most interesting discovery of Sir H. Davy, ^ 
which is connected with thi^ subject. 

Caroline, You allude, I suppose, to the new miner's lamp, 
which has of late been so much talked of? I have long been 
desirous of knowing what that discovery was, and what pur- 
pose it was intended to answer. 

Mrs. B. It often happens in coal-mines, that quantities of the 
gas, called by chemists hydro^arbonat^ or by the miners ^re- 
damp, (the same from which the gas-lights are obtained,) ooze 
Out from fissures in the beds of coal, and fill the cavities in 
which the men are at work ; and this gas being inflammable, 
thr consequence is, that when the men approach those places 
with a lighted candle, the gas takes fire, and explosions happen 
which destroy the men and horses employed in that part of the 
coll ery, sometimes in great numbers. 

Emily. What tremendous accidents these must be \ Bui 
whence does that gas originate ? 

Mrs* B. Being the chief product of the combustion of coal, 
no wonder that inflammable gas should occasionally appear in 
situations in which this mineral abounds, since there can be no 
doubt that processes of combustion are frequently taking place 
at a great depth under the surface of the earth ; and therefore 
those accumulations of gas may arise either from combustions 
actually going on, or from former combustions, the gas having 
perhaps been confined there for ages. 

Caroline. And how does Sir H. Davy's lamp prevent those 
dreadful explosions? 

Mrs. B. By a contrivance equally simple and ingenious ; 
and one which does no less credit to the philosophical views 
from which it was deduced, than to the philanthropic motives 
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from which the enquiry sprung.. The principle of the lamp is 
shortly this : It was ascertained, two or three years ago, both 
by Mr. Tenant and by Sir Humphrey himself, that the combus- 
tion of inflammable gas could not l?e propagated through small 
tubes ; so that if a jet of an inflameable gaseous mixture, issu- 
ing from a bladder or any other vessel, through a small tube, 
be set fire to, it burns at the orifice of the tube, but the flame 
never penetrates into the vessel. It is upon this fact that Sir 
Humphrey's safely lamp is founded. 

Emily, But why does not the flame ever penetrate through 
the tube into the vessel from which the gas issues, so as to ex- 
plode at once the whole of the gas ? 

Mrs. B. Because, no doubt, the inflamed gas is so much cool- 
ed in its passage through a small tube as to cease to burn be- 
fore the combustion reaches the reservoir. 

Caroline, And how can this principle be applied to the con- 
struction of a lamp ! 

Mrs, B, Nothing easier. You need only suppose a lamp 
enclosed all round in glass or horn, but having a number of 
small open tubes at the bottom, and others at the top, to let the 
air in and out. Now, if such a lamp or lanthorn be carried in- 
to an atmosphere capable of exploding, an explosion or com- 
bustion of the gas will take place 2mVAm the lamp; and al- 
though the vent afibrded by the tubes will save the lamp from 
bursting, yet, from the principle just explained, the combustion 
will not be propagated to the external air through the tubes, so 
that no farther consequence will ensue. 

Emily, And is that all the mystery of that valuable lamp ? 

Mrs, B, No; in the early part of the enquiry a lamp of this 
kind was actually proposed ; but it was but a rude sketch com- 
pared to its present state of improvement. Sir H. Davy, aftei' 
. a succession of trials, by which he brought his lamp nearer and 
nearer to perfection, at last conceived the happy idea that if the 
lamp were surrounded with a wire-work or wire-gauze, of a 
close texture, instead of glass or horn, the tubular contrivance I 
have just described would be entirely superseded, since each of 
the interstices of the gauze would act as a tube in preventing the 
propagation of explosions ; so that this previous metallic cover- 
ing would answer the various purposes of transparency, of per- 
meability to air, and of protection against explosion. This 
idea. Sir Humphrey immediately submitted to the test of exper- 
iment, and the result has answered his most sanguine expecta- 
tions, both in his laboratory and in the colliertes, where it has 
already been extensively tried. And he has now the happiness - 
Qf thinking that his invention will probably be the means of s8i- 
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ving every year a number of lives, which woulc? have been lost 
in digging out of the bowels of the earth one of the most \Hilua- 
ble necessaries of life. Here is one of these lamps, every part 
of which you will at once comprehend. (See Plate X. fig. 1.) 

Caroline, How very simple and ingenious ! But I do not 
yet well see why an explosion taking place within the lamp 
should not communicate to the external air ^around it, through 
the interstices of the wire ? 

JWrs. B. This has been and is still a subject of wonder, even 
to philosophers ; and the only mode of explaining it is, that 
flame or ignition cannot pass through a fine wire-work, because 
the metallic wire cools the fiame sufficiently to extinguish it in 
passing through the gauze. This property of the wire-gauze is 
quite similar to that of the tubes which I mentioned on introdu- 
cing the subject ; for you may consider each interstice of the 
gauze as an extremely short tube of a very small diameter. 

Emily, But I should expect the wire would often become 
red-hot, by the burning of the gas within the lamp ? 

Mrs, B. And this is actually the case, for the top of the 
lamp is very apt to' become red-hot. But, fortunately, inflam- 
mable gaseous mixtures cannot be exploded by red-hot wire, 
the intervention of actual flame being required for that purpose; 
so that the wire does not set fire to the explosive gas around it. 

Emily, I can understand that; but if the wire be red-hot, 
how can it cool the flame within, and prevent its passing 
through the gauze ? 

Mrs, ii. The gauze, though red-hot, is not so hot as the flame 
by which it has been heated ; and as metalic wire is a good con- 
ductor, the heat does not much accumulate in it, as it passes off 
quickly to the other parts of the lamp, as well as to any contig- 
uous bodies. 

Caroline, This is indeed a most interesting discovery, and 
one which shows at once the immense utility with which science 
may be practically applied to some of the most important pur- 



CONVERSATION VHI. 

• ON SULPHUR AND PHOSPHORUS. 

Mrs, B, Sulphur is the next substance that comes under oui 
consideration. It difllers in one essential point from the pr^- 
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ceding, as it exists in a solid form at the temperature of the at- 
mosphere. 

Caroline, lam glad that we have at last a solid body to ex- 
amine ; one that we can see and touch. Pray, is it not with 
sulphur that the points of matches are covered, to make them 
easily kindle ? 

Mrs. B, Yes, it is ; and you therefore already know that 
sulphur is a very combustible substance. It is seldom discov- 
ered in nature in a pure unmixrd state; so great is its affinity 
for other substances, that it is almost constantly found con)bined 
with some of them. It is most commonly united with metals, 
under various forms, and is separated from them by a very sim- 
ple process. It exists likewise in many nuneral waters, and 
some vegetables yield it in various proportions, especially those 
of the cruciform tribe. It is also found in animal matter ; in 
short it may be discovered in greater or less quantity, in the 
mineral, vegetable, and animal kingdoms.* 

Emily, I have heard ofjlawers of sulphur, are they the pro- 
duce of any plant ? 

Mrs. B. By no means : they consist of nothing more than 
common sulphur, reduced to a very fine powder by a process 
called sublimation, — You see som^ of it in this phial 5 if is ex- 
actly the same substance as this lump of sulphur, only its colour 
is a paler yellow, owing to its state of very minute division. 

Emily, Pray what is sublimation ? 

Mrs, B, It is the evaporation, or, more properly speaking, 
the volatilisation of solid substances, which, in cooling, con- 
dense again in a concrete form. The process, in this instance, 
must be performed in a closed vessel, both to prevent combus- 
tion, which would take place if the. access of air were not care- 
fully precluded, and likewise in order to collect the substance 
after the operation. As it is rather a slow process, we shall 
not try the experiment now ; but y6u will understand it per- 
fectly if I show you the apparatus used for the purpose. (Plate 
XL fig. 1.) Some lumps of sulphur are.put into a receiver of 
this kind, which is called a cucurbit. Its shape, you see, some- 
what resembles that of a pear,. and is open at the top, so as to 
adapt itself exactly to a kind of conical receiver of this sort, 
called the head. The cucurbit, thus covered with its head, is 
placed over a sand-bath : this is nothing more than a vessel 
full of sand, which is kept heated by a furnace, such as you see, 

* The sulphur of commerce in chiefly obtained in the vicinity of 
volcanoes, or in volcanic count nVs, where it is brought up from the 
b<»w Is of the earth by sublimation. An iufigrior kind i« obtained by 
(lie distillation of pyrites. C 
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here, so as to preserve the apparatus in a moderate and ufniform 
temperature. The sulphur then soon begins to meh, and im- 
mediately after this, a thick white smoke rises, which is gradu- 
ally deposited within the head, or upper part of the apparatus, 
where it condenses against the sides, somewhat in the form of a 
vegetation, whence it has obtained the name of flowers of sul- 
phur. This apparatus, which is called an alembic, is highly 
useful in all kinds of distillations, as you will see when we come 
to treat of those operations. Alembics are not commonly made 
of glass, like this, which is applicable only to distillations upon 
a very small scale. Those used in manufactures are generally 
made of copper, and are, of course, considerably larger. The 
general construction, however, is always the same, although 
their shape admits of some variation. 

Caroline. What is the use of that neck, or tube, which bends 
down from the upper piece of the apparatus ? 

Mrs. B. It is of no use in sublimations ; but in distillations 
(the general object of which is to evaporate, by heat, in closed 
vessels, the volatile parts of a compound body, and to condense 
them again into a liquid,) it serves to carry off the condensed 
fluid, which otherwise would fall back into the cucurbit. But 
this is rather foreign to our present subject. Let us return to 
the sulphur. You now perfectly understand, I suppose, what 
is meant by sublimation ? 

Emily. I believe I do. Sublimation appears to consist in 
destroying, by means of heat, the attraction of aggregation of 
the particles of a solid body, which are thus volatilised ; and as 
soon as they lose the caloric which produced that effect, they 
are deposited in the fo^m of a fine powder. 

Caroline. It seems to me to be somewhat similar to the trans- 
formation of water into vapour, which returns to its liquid state 
when deprived of caloric. 

tlmili/. There is this difference, however, that the sulphur 
does not return to its former state, since instead of lumps, it 
changes to a fine powder. 

Mrs. B. Chemically sjTeakinof, it is exactly the same sub- 
Stance, whether in the form of Jump or powder. For if this 
powder be melted again by heat, it will, in cooling, be restored 
to the same solid state in which it was before its sublimation. 

Caroline. But if there be no real change, produced by the 
sublimation of the sulphur, what is the use of that operation? 

Mrs, H. It divides the sulphur into very minute parts, and 
thus disposes it to enter more readily into combination with 
other bodies. It is used also as a means of purification. 
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Caroline, Sublimation .appears to me, like the beginning of 
combustion, for the completion of which one circumstance only 
is wanting, the absorption of oxygen. 

Mrs. B. But that circumstance is every thing. No essential 
alteration is produced in sulphur by sublimation ; whilst in com- 
bustion it combines with the oxygen, and forms a new com- 
pound totally different in. every respect from Sulphur in its pure 
state. — We shall now burn some sulphur, and you will see how 
very different the result will be. For this purpose I put a small 
quantity of flowers of sulphur into this cup, and place it in a 
dish, into which I have poured a little water : I now set fire to 
the sulphur with the point of this hot wire ; for its combustion 
will not begin unless its temperature be considerably raised. — 
You see that it burns with a faint blueish 6ame : and as J invert 
oyer it this receiver, white fume^ arise from the sulphur, and 
fill the vessel. — You will soon perceive that the water is rising 
within the receiver, a littleabove its level in the plate. Well, 
Emily, can you account for |his ? 

Emily. I suppose that the sulphur has absorbed the oxygen 
from the atmospherical air within the receiver, and that we shall 
find some oxygenated sulphur in the cup. As for the white 
smoke, I am quite at a loss to guess what it may be. 

Mrs. B. Your first conjecture is very right ; but you are 
mistaken in the last ; for nothing will be left in the cup. - The 
white vapour is the oxygenated sulphur, which assumes the form 
of an elastic fluid of a pungent and offensive smell, and is a pow» 
erful acid. Here you see a chemical combination of oxygen and 
sulphur, producing a true gas, which would continue such un- 
der the pressure and at the temperature of the atmosphere, if it 
did not unite with the water in the plate, to which it imparts its 
acid taste, and all its acid properties. You see, now, with 
what curious effects the combustion of sulphur is attended." 

CaroUne. This is something quite new ; and I confess that 
I do not perfectly understand why the sulphur turns acid. 

Mrs. B, It is because it unites with oxygen, which is the 
acidifying principle. And, indeed, the word oxygen is deriv- 
ed from two Greek words, signifying to produce an add. 

Caroline, Why, then, is not water, which contzwns such a 
quantity of oxygen, acid ? 

Mrs. B. Because hydrogen, which is the other constituent of 
Water, is not susceptible of acidification. — I believe it will be 
necessary, before we proceed further, to say a few words of the 
general nature of acids, though it is rather a deviation from our 
plan of examining the simple bodies separately, before we con- 
sider them In a state of combination. 
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Acids may be considered as a peculiar class of burnt* bodies, 
which during their combustion, or combination with oxygen, 
have acquired very characteristic properties. They are chiefly 
discernible by their sour taste, and by turning red most of the 
blue vegetable colours. These two properties are common tti 
the whole class of acids ; but each of them is distinguished by 
other peculiar qualities. Every acid consists. of some particular 
substance, (which constitutes its basis, and b different in each,) 
and of oxygen, which is common to them all. 

Emily. But I do not clearly see the difference between acids 
and oxyds. 

Mrs, B, Acids were, in fact, oxyds, which, by the addition 
of a sufficient quantity of oxygen, have been converted into 
acids. For acidification, you must observe, always implies 
previous oxydation, as a body must have combined with the 
quantity of oxygen requisite to constitute it an oxyd, before it 
can combine with the greater quantity which is necessary to 
render it an acid. 

Caroline, Are all oxyds capable of being converted . into 
acids ? 

Mrs, B, Very far from it ; it is only certain substances which 
will enter into that peculiar kind of union with oxygen that pro- 
duces acids, and the number of these is proportionally very 
small 5 but all burnt bodies may be considered as belonging ei- 
ther to the class of oxyds, or to that of acids. At a future pe- 
riod, we shall enter more at large into this subject. At present, 
I have but one circumstance further to point out to your obser- 
vation respecting acids : it is, that most of them are suscepti- 
ble of two degrees of acidification, according to the different 
quantities of oxygen with which their basis combines. 

Emily, And how are these two degrees of acidification dis- 
tinguished ? 

Mrs, B, By the peculiar properties which result from them. 
The acid we have just made is the first or weakest degree of 
acidification, and is called sulphureous acid; if it were fully 
saturated with oxygen, it would be called sulphuric acid. You 
must therefore remember, that in this, as in all acids, the first 
degree of acidification is expressed by the termination in ous ; 
the stronger, by the termination mic, 

Caroline, And how is the sulphuric acid made ? 

* This might mislead the student. Thp acids are not all of them 
formed bj burning. All the vegetable aciils. as theiitrio, malic, &c. 
exist ready formed ; some of them are coatamed in fruits, as ia le- 
monsi apples, &c. C. 
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Mrs, B. By burning sulphur in pure oxygen gas, &nd thus 
rendering its combustion much more complete. I have provi- 
ded some oxygen gas for this purpose ; it is in that bottle, but 
we must first decant the gas into the glass receiver which stands 
on the shelf in the bath, and is full of water. 
Caroline* Pray, let me try to do it, Mrs. B. 

Mrs. B. It requires some little dexterity — hold the bottle 
completely under water, and do not turn the mouth upwards, 
till it is immediately under the aperture in the shelf, through 
which the gas is to pass into the receiver, and then turn 
it up gradually. — Very well, you have only let a few bub- 
bles escape, and that must be expected at first trial. Now I 
shall put this piece of sulphur into the receiver, through the 
opening at the top, and introduce along whh it a small piece of 
lighted tinder to set fire to it.— This requires being done very 
quickly, lest the atmospherical air should get in, and mix with 
the pure oxygen gas. 

Emily, How beautifully it bums ! 

Caroline, But it is already buried in the thick vapour. This, 
I suppose, is sulphuric acid ? 

Emily, Are these acids always in a gaseous state ? 

Mrs, B, Sulphureous acid, as we have already observed, is a 
permanent gas, and can be obtamed in a liquid form only by 
condensing it in water. In its pure state, the sulphureous acid 
IS invisible, and it now appears in the form of a white smoke, 
from its combining with the moisture. But the vapour of sul- 
phuric acid, which you have just seen to rise during the com- 
bustion, is not a gas, but only a vapour, which condenses into 
liquid sulphuric acid, by losmg its caloric. But it appears from 
Sir H. Davy's experiments, that this formation and condensa- 
tion of sulphuric acid requires the presence of water, for which 
purpose the vapour is received into cold water which may after- 
wards be separated from the acid by evaporation. 

Sulphur has hitherto been considered as a simple. substance; 
but Sir H. Davy has suspected that it contains a small portion 
of hydrogen, and perhaps also of oxygen. 

On submitting sulphur to the action of the Vokajc battery, 
he observed that the negative wire gave out hydrogren ; and the 
existence of hydrogen in sulphur was rendered still more proba- 
ble by his observing that a small quantity of water was produ* 
ced during the combustion of sulphur. 

Emily, And pray of what nature is sulphur when perfectly 
pure? 

Mrs, B, Sulphur has probably never been obtained perfectly 
free from combination, so that its radical may possibly possess 

12 
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properties very different from those of common sulphur. It 
has been suspected to be of a metallic nature^ but this is mere 
conjecture. 

Before we quit the subject of sulphur, I must tell you that it 
is susceptible of combining with a great variety of substances^ 
and especially with hydrogen, with which you are already ac- 
quainted. Hydrogen gas can dissolve a small portion of it. 

Emily. What ! can a gas dissolve a solid substance ? 

Mrs, B, Yes ; a solid substance may be so minutely divided 
by heat, as to become soluble in gas : and there are several in- 
stances of it. But you must observe, that, in this case, a chem^ 
jcal union or combination of the sulphur with the hydrogen 
gas is produced. In order to effect this, the sulphur must be 
strongly heated in contact with the gas ; the heat reduces the 
sulphur to such a state of extreme division, and diffuses it so 
thoroughly through the gas, that they combine and incorporate 
together. And as a proof that there must be a chemical union 
between the sulphur and the gas, it is sufficient to remark that 
they are not separated when the sulphur loses the caloric by 
which it was volatilized. Besides, it is evident, from the pecu- 
liar fetid smell of this gas, that it is a new compound totally dif- 
ferent from either of its constituents ; it is called sulphuretted- 
hydrogen gasy and is contained in great abundance in sulphu- 
reous mineral waters. 

Caroline. Are not the Harrogate waters of this nature ? 
' Mrs. B. Yes ; they are naturally impregnated with sulphu- 
retted hydrogen gas, and there are many other springs of the 
Same kind, which shows that this gas must often be formed in 
the bowels of the earth by spontaneous processes of nature. 

Caroline, And could not such waters be made artificially by 
impregnating common water with this gas ? 

Mrs. B, Yes 5 they can be so well imitated, as perfectly to 
resemble the Hai rogate waters. 

Sulphur combines likewise with phosphorus, and with the al- 
kalies, and alkaline earths, substances with which you are yet 
unacquainted. We cannot, therefore, enter into these combi- 
nations at present. In our next lesson we shall treat of phos^ 
phorus. 

Emily. May we not begin that subject to-day ; this lesson 
has been so short ? 

Mrs. B. 1 have no objection, if you are not tired. What do 
you say, Caroline ? 

Caroline. I am as desirous as Emily of prolonging the lesson 
to-day, especially as we are to enter on a new subject ; for I 
confess that sulphur has not appeared to me so interesting as 
the other simple bodies. 
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j\ir$, B. Perhaps you may find phosphorus more entertain- 
ing. You must not, however, be discouraged when you meet 
with some parts of a study less amusing than others ; it would 
answer no good purpose to select the most pleasing parts, since, 
if we did not proceed with some method, in order to acquire a 
general idea of the whole, we could scarcely expect to take in- 
terest in any particular subjects. 

PHOSPHORUS* 

- Phosphorus is considered as a simple body 5 though, lik« 
sulphur, it has been suspected of containing hydrogen. It was 
not known by the earlier chemists. It was first discovered by 
Brandt, a chemist of Hamburgh, whilst employed in researches 
after the philosopher's stone ; but the method of obtaining it re- 
mained a secret till it was a second time discovered both by 
Kunckel and Boyle, in the year 168O. You see a specimen of 
phosphorus in this phial 5 it is generally moulded into small 
s^cks of a yellowish colour, as you find it here. 

Caroline. I do not understand in what the discovery consist- 
ed ; there may be a secret method of making an artificial com- 
position, but how can you talk of making a substance which 
naturally exists ? 

Mrs. B. A body may exist in nature so closely combined 
with other substances, as to elude the observation of chemists, 
or render it extremely difficult to obtain it in its separate state. 
This is the case with phosphorus, which is always so intimate- 
ly combined with other substances, that its existence remained 
unnoticed tilt Brandt discovered the means of obtaining it free 
from other combinations. It is found in all animal substances, 
and is now chiefly extracted from bones, by a chemical process. 
It exists also in some plants, that bear a strong analogy to ani- 
mal matter in their chemical composition. 

Emily, But is it never found in its pure separate state ? 

Mrs. B, Never, and this is the reason that it remained so 
long undiscovered* 

Phosphorus is eminently combustible ; it melts and takes fire 
at the temperature of one hundred degrees, and absorbs in its 
combustion nearly once and a half its own weight of oxygen. 

Caroline. What ! will a pound of phosphorus consurpe « 
pound and a half of oxygen ? 

Mrs. B. So it appears from accurate experiments. I can 
show you with what violence it combines with oxygen, by burn- 
ing some of it in that gas. We must manage the experiment 
to the same manner as we did the combustioQ of sulphur. \ on 
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Bee I am obliged to cut this littk bit of phosphorus under wa- 
ter, otherwise there would be danger of its taking fire by the 
heat of my fingers. I now put it into the receiver, and kindly 
it by means of a hot wire. 

Emily. What a blaze ! I can hardly look at it. I never saw 
any thing so brilliant^ Does it not hurt your eyes, Caroline ? 

Caroline. Yes ; but still I cannot help looking at it. A 
prodigious quantity of oxygen must indeed be absorbed, when 
so much light and caloric are disengaged ! 

Mrs, B. In the combustion of a pound of phosphorus, a suf- 
ficient quantity of caloric is set free to melt upwards of a hun- 
dred pounds of ice ; this Ims been computed by direct experi- 
ments with the calorimeter. 

Emily, And is the result of this combustion, like that of sul- 
phur, an acid .^^ 

Mrs, B. Yes; phosphoric acid. And had we duly propor- 
tioned the phosphorus and the oxygen, they would have been 
completely converted into phosphoric acid, weighing together, 
in this new state, exactly the sum of their weights separately. 
The water would have ascen<kd into the receiver, on account 
of the vacuum formed, and would have filled it entirely. In 
this case, as in the combustion of sulphur, the acid vapour form- 
ed is absorbed and condensed in the water of the receiver. But , 
when this combustion is performed without anv water or moisr 
ture being present, the acid then appears in the form of con- 
crete whitish flakes, which are, however, extremely ready to 
melt upon the least admission of moisture. 

Emily, Does phosphorus, in burning in atmospherical air, 
produce, like sulphur, a weaker sort of the same acid ? 

Mrs, B, No : for it bums in atmospherical air, nearly at the 
same temperature as in pure oxygen gas ; and it is in both ca- 
ses so strongly disposed to combine with the oxygen, that the 
combustion is perfect, and the product similar ; only in atmos- 
pherical air, being less rapidly supplied with oxygen, the pro- 
cess is performed in a slow manner. 

Caroline, But is there no method of acidifying phosphorus 
in a slighter manner, so as to form pJiosphorous acid? 

Mrs, J5. Yes, there is. When simply exposed to the atmos- 
phere, phosphorus undergoes a kind of slow combustion at any 
temperature above zero. 

Emily. Is not the process in this case rather an oxydation 
than a combustion ? For if the oxygen is too slowly absorbed 
for a sensible quantity of light and heat to be disengaged, it u 
not a true combustion. 

Mrs, B. The case is not as you suppose : a faint light ia 
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emitted which is very discernible tn the dark ; hot the heai 
evolved is not sufficiently strong to be sensible ; a whitish va- 
pour arises from this combustion, which, uniting with water^ 
condenses into liquid phosphorus acid. 

Caroline, Is it not very singular that (^osphorus should 
burn at so low a temperature in atmospherical air, whilst it 
does not burn in pure oxygen without the application of heat ? 

Mr9. B. So it at first appears. But this circumstance seems 
to be owing to the nitrogen gas of the atmosphere. This ga« 
dissolves small particles of phosphorus, which being thus mi- 
nutely divided and diffused in the atmospherical air, combines 
with the oxygen, and undergoes this slow combustion. But the 
same effect does not take place in oxygen gas, because it is not 
capable of dissolving phosphorus ; it is therefore necessary, in 
this case, that heat should be applied to effect that division of 
particles, which, in the former instance, is produced by the m-' 
trogen. 

Emily. I have seen letters written witlv phosphorus, which 
are invisible by day-light, but may be read in the dark by their ^ 
own light* They look as if tbey were written with fire $ yet 
they do not seem to burn. 

Mrs, B. But they do really burn ; for it is by their slow com- 
bustion that the light is emitted^ and phosphorus acid is the re- 
sult of this combustion. 

Phosphorus is sometimes used as a test to estimate the puri- 
ty of atmospherical air. For this purpose, it is burnt in a gra- 
duated tube, called an Eudiometer (Plate XL fig. 2.), and 
from the quantity of air which the phosphorus absorbs, the pro- 
portion of oxygen in the air examined is deduced } for the phos- 
phorus will absorb all the oxygen, and the nitrogen alone will 
remain. 

Emily, And the more oxygen is contained in the atmosphere^ 
the purer, I suppose, it is esteemed ? 

Mr8,B, Certainly. Phosphorus, when melted, combines 
with a great variety of -substances. With sulphur it forms a 
compound so extremely combustible, that it immediately takes 
fire on coming in contact with the air. It is with this compo- 
sition that phosphoric matches are prepared, which kindle as 
soon as they are taken out of their case and are exposed to the 
air. 

Emily, I have a box of these curious matches ; but I have 
observed, that in very cold weather, they will not take fire 
.without being previously rubbed* 

Mrs. B. By rubbing them you raise their temperature 5 for, 
you kflow« frktioD is one of the means of extrcating heat 

I2« 
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Emily. Will phosphorus combine with hydi'ogen gas, as sut^ 
phur does ? I 

Mrs. B. Yes ; and the compound gas which resuhs from 
this combination has a smell still more fetid than the sulphuret- 
ted hydrogen ; it resembles that of garlic. 

The phosphoretted hydrogen gas has this remarkable pecul- 
iarity, that it takes fire spontaneously in the atmosphere, at any 
temperature. It is thus, probably, that are produced those 
transient flames, or flashes of llghr, called by the vulgar WiU' 
of-the-WTiispy or more properly Ignesfatuiy which are often 
seen in church-yards, and places where the putrefactions of 
animal matter exhale phosphorus and hydrogen gas. 

Caroline. Country people, who are so much frightened by 
those appearances, would soon be reconciled to them, if they 
knew from what a simple cause they proceed. 

Mrs. B. There are other combinations of phosphorus that 
have also very singular properties, particularly that which re- 
sults from its union with lime. 

Emily. Is th^re any name to distinguish the combination of 
two substances, like phosphorus and lime, neither of which 
are oxygen, and which cannot therefore produce either an ox- 
yd or an acid ? 

Mrs. B. The names of such combinations are composed from 
those of their ingredients, merely from a slight change in their 
termination. Thus the combination of sulphur with lime is 
cdW^A ^ sulpharety and that of phosphorus, aphosphuret of 
Kme.* Tins latter compound, I was going to say, has the sin- 
j[ular property of decomposing water, merely by being thrown 
into it. It eflects this by absorbing the oxygen of water, in 
consequence of which bubbles of hydrogen gas ascend, holding 
in solution a small quantity of phosphorus. 

* PhosphuTet of Kme is a very curious dubstance. To make it, 
take a thin glass tube, 6 or 8 i^hes long, and less than half an inch 
in diameter ; if it is closed at one end, so much the better, but a cork 
will do. Near the closed end put a piece of phosphorus half an inch 
long. Then put in by means of a stick or wire, holding the tube hori- 
zontally, thirty or forty pieces of newly burned quick-lime, about the 
size of split peas, letting the lowest remain 2 or 3 inclies from the phos- 
phorus. Then stop the other end of the tube loosely, and place the 
part containing the quick-lime, in a bed of charcoal, so contriving it 
Siat a candle or red hot iron can be brought under the part where the 
phosphorus lies. Kindle a fire by means of bellows, and heat the lime 
red hot, without melting the phosphorus, which may be kept cool by a 
Wet rag ; when this is done, bring the hot iron or candle under the 
phosphorus, so as to make it pass through the quick-lime in the fons 
of vapour. Cork up the phospburet of lime for use. €• 
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Emily. These bubbles then are phosphoretted hydrogen 
gas? 

Mrs. B, Yes ; and they produce the singular appearance of 
a dash of fire issuing from the water, as the bubbles kindle and 
detonate on the surface of the water, at the instant that they 
come in contact with the atmosphere. [If the wcUer is toarm^ 
the experiment is more apt to succeed. C.] 

Caroline. Is not this effect nearly similar to that produced 
by the combination of phosphorus and sulphur, or, more pro* 
perly speaking, the phosphuret of sulphur? 

Mrs. B. Yes ; but the phenomenon appears more extraordi* 
nary in this case, from the presence of water, aod from the 
gaseous form of the Combustible compound. Besides, the ex- 
periment surprises by its great simplicity. You only throw a 
piece of phosphuret of lime into a glass of water, and bubbles 
of fire will immediately issue from it. 

Caroline. Cannot we try the experiment ? 

Mrs. B' Very easily ; but we must do it in the open air ; for 
the smell of the phosphoretted hydrogen gas is so extremely fe- 
tid, that it would be intolerable in the house. But before we 
leave the room, we may produce, by another process, some 
bubbles of the same gas, which are much less offensive. 

There is in this little glass retort a solution of potash in wa- 
ter 'y I add to it a small piece of phosphorus. We must now 
heat the retort over the lamp, after having engaged its neck 
under water — You see it begins to boil ; in a few minutes bub- 
l)les will sippear, which take fire and detonate as they issue from 
the water. 

Caroline. There is one — and another. How curious it is I 
— But I do not understand how this is produced. 

Mrs. B. It is the consequence of a display of affinities too 
complicated, I fear, to be made perfectly intelligible to you at 
present. 

In a few words, the reciprocal action of the potash, phos- 
phorus, caloric, and water, are such, that some of the water 
is decomposed, and the hydrogen gas thereby formed carries 
off some minute particles of phosphorus, with which it forms 
phosphoretted hydrogen gas, a compound which spontaneously 
takes fire at almost any temperature. 

Emily. What is that circular ring of smoke which slowly ri- 
ses from each bubble after its detonation ? 

Mrs. B. It consbts of water and phosphoric acid in vapour, 
which are produced by the combustion of hydrogen and phos- 
phmois. 
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CONVERSATION IX. 

ON CARBOX. 

Caroline, To-day> Mrs. B«, I believe we are to learn the 
nature and properties of carbon. This substance is quite new 
to me ; I never heard it mentioned before. 

Mrs. B, Not so new as you imagine ; for carbon is nothing 
aaore than charcoal in a state of purity, that is to say, unmix- 
ed with any foreign ingredients. 

Caroline, But charcoal is made by art, Mrs. B., and a body 
consisting of one simple substance cannot be fabricated ? 

Mrs. B. You again confound the idea, of making a simple 
body, with that of separating it from a compound. The che- 
mical processes by which a simple body is obtained in a state of 
purity, consist in unmaking the compound in which it is con- 
tiained, in order to separate from It the simple substance in 
question. The method by which charcoal is usually obtained, 
is, indeed, commonly called making it ; but, upon examina- 
tion, you will find this process to consist only in separating it 
from other substances with which it is found combined in na- 
ture. 

Carbon forms a considerable part of the solid matter of all 
organised bodies ; but it is most abundant in the vegetable cre- 
ation, and it is chi<^fiy obtained from wood. When the oil and 
water (which are other constituents of vegetable matter) are 
evaporated, the black, porous, brittle substance that remains, 
is charcoal. 

Caroline. But if heat be applied to the wood in order to 
evaporate the oil and water, will not the temperature of the 
charcoal be raised so as to make it bum ; and if it combines 
with oxygen, can we any longer call it pure. 

Mrs. B. I was going to say, that, in this operation, the air 
must be excluded. 

Caroline. How then can the vapour of the oil and water fly 
off? 

Mrs. B. In order to produce charcoal in its purest state, 
(which is, even then, but a less imperfect sort of carbon,) the 
operation should be performed in an earthen retort. Heat be- 
ing applied to the body of the retort, the evaporable part of the 
wood will escape through its neck, into which no air can pene- 
trate as long as the heated vapour continues to (ill it. And if it 
be wished to collect these volatile products of the wood, this 
can easily be done by Introducing the neck of the retort into the 
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water-bath apparatus, with which you are acqoaiiited. But 
the preparation of common charcoal, such as is used in kitch- 
ens and manufactures, is performed on a much larger scale, 
and by an easier and less expensive process, 

Emily. I have seen the process of making common charcoal. 
The wood is ranged on the ground in a pile of a pyramidical 
form, with a fire underneath ; the whole is then covered wi)h 
clay, a few holes only being left open for the circulation of air. 

Mrs, B. The holes are closed as soon as the wood is fairly 
lighted, so that the combustion is checked, or at least contin- 
ues but in a very imperfect manner ; but the heat produced by 
it is sufficient to force out and volatilize, through the earthy co- 
ver, most part of the oily and watery principles of the wood; 
although it cannot reduce it to ashes. 

Emily, Is pure carbon as black as charcoal ? 

Mrs* B, The purest charcoal we can prepare is so ; but 
chemists have never yet been able to separate it entir^ from 
hydrogen. Sir H. Davy says, that the most perfec^earbon 
that is prepared by art contains about five per cent of hydro- 
gen ; he is of opinion, that if we could obtain it quite free 
from foreign ingredients, it would be metallic, in common with 
other simple substances. 

But there is a form in which charcoal appears, that I dare 
say will surprise you. — This ring, which I wear on my finger^ 
ewes its brilliancy to a small piece of carbon. 

Caroline. Surely, you are jesting, Mrs. B. ? 

Emily. I thought your ring was diamond ?. 

Mrs. B. It is so. But diamond is nothing more thaii carbon 
in a crystalized state. 

Emily. That is astonishing ! Is it possible to see two things 
apparently more different than diamond and charcoal ? 

Caroline, It is, indeed, curious to think that we adOrn our- 
selves with jewels of charcoal ! 

Mrs. B. There are many other substances, consisting chiefly 
of carbon, that ard remarkably white. Cotton, for instance, is 
almost wholly carbon. 

Caroline. That, I own, I could never have imagined ! — But 
pray, Mrs. B., since it is known of what substance diamond 
and cotton are composed, why should they not be manufactur- 
ed, or imitated, by some chemical process, which would render 
them much cheaper, and more plentiful than the present mode 
of obtaining them ? 

Mrs. '^. You might as well, my dear, propose that we should 
make flowers and fruit, nay, perhaps even animals, by a chem- 
ica! process 5 for k is known of what these bodies consist, since 
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every thing wUeh we are acquainted with in nature is formed 
from the various simple substances that we have enumerated. 
But you must not suppose that a knowledge of the component 
parts of a body will in every case enable us to imitate it. It is 
much less difficult to decompose bodies, and discover of what 
materials they are made, than it is to recompose them. The 
first of these processes is called analysis^ the last synthesis* 
When we are able to ascertain the nature of a substance by 
both these methods, so that the result of one confirms that of 
the other, we obtain the most complete knowledge of it that 
we are capable of acquiring. This is the case with water, with 
the atmosphere, with most of the oxyds, acids, and neutral 
salts, and with many other compounds. But the more com* 
plicated combinations of nature, even in the mineral kingdom^ 
are in general beyond our reach, and any attempt to imitate or- 
ganised bodies must ever prove fruitless ; their formation is a 
secret ^at rests in the bosom of the Creator. You see^ there-* 
fore, hqimr vain it would be to attempt to make cotton by chemi- 
cal means. But, surely, we have no reason to regret our ina- 
bility in this instance, when nature has so clearly pointed out a 
method of obtaining it in perfection and abundance. 

Caroline, I did not imagine that the principle of life could 
be imitated by the aid of chemistry ; but it did not appear to 
me absurd to suppose that chemists might attain a perfect imi- 
tation of inanimate nature. 

Mrs. B. They have succeeded in this point in a variety of 
histances; but, as you justly observe, the principle of life, o» 
even the minute and intimate organisation of the vegetable 
kingdom, are secrets that have almost entirely eluded the re- 
searches of philosophers; nor do I imagine that human art will 
ever be capable ^)f investigating them with complete success. 

Emily. But diamond, since it consists of one simple unor- 
ganised substance, might be, one would think, perfectly imitable 
by art ? 

Mrs, B, It is sometimes as much beyond our power to ob- 
tain a simple body in a state of perfect purity, as it is to imi- 
tate a complicated combination ; for the operations by which 
nature separates bodies are frequently as inimitable as . those 
which she uses for their combination. This is the case with 
carbon ; ail the efforts of chemists to separate it entirely from 
other substances have been fruitless, and in the purest state in 
which it can be obtained by art, it still retains a portion of hy- 
drogen, and probably of some other foreign ingredients. We» 
are ignorant of the mf»ans which nature employs to^crjrstalize it. 
It may probably be the work of ages, to purify, arrange, and 
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unite the particles of carbon in the form of diamond. Here is 
some .charcoal in the purest state we can procure it ; you see 
that it is a very black, brittle, light, porous substance, entirely 
destitute of either taste or smell. Heat, without air, produces 
no alteration in it, as it is not volatile ; but, on the contrary^ it 
invariably remains at the bottom of the vessel after all the oth- 
er parts of the vegetable are evaporated. . 

Emily, Yet carbon is, no doubt, combustible, since you say 
that charcoal would absorb oxygen if air were admitted during 
its preparation ? 

Caroline. Unquestionably. Besides, you know, Emily, how 
much it is used in cooking. But pray what is the reason that 
charcoal burns without smoke, whilst a wood fire smokes so 
much } 

Mrs. B. Because, in the conversion of wood into charcoal, 
the volatile particles of the former have been evaporated. 

Caroline. Yet I have frequently seen charcoal burn with 
flame ; therefore it must, in that case, contain some hydrogen. 

Mrs, B, Very true ; l^t you should recollect that charcoal, 
especially that which is *d for common purposes, is not per- 
fectly pure. It generally retains some remains of the various 
other component parts of vegetables, and hydrogen particular- 
ly, which accounts for the flame in question. 

Caroline, But what becomes of the carbon itself during its 
Combustion ? 

Mrs. B. It gradually combines with the oxygen of the atmos- 
phere, in the same way as sulphur and phosphorus, and, like 
those substances, it is converted into a peculiar acid, which flies 
off in a gaseous form. There is this difference, however, that 
the acid is not, in this instance, as in the two cases just men- 
tioned, a mere condensible vapour, but a permanent elastic flu- 
id, which always remains in the state of gas, under any pres- 
sure and at any temperature. The nature of this acid was first 
ascertained by Dr. Black, of Edinburgh ; and, before the intro- 
duction of the new nomenclature, it was called ^xerf air. It 
k now distinguished by the more appropriate name of carbonic 
acid gas, 

Emily. Carbon then, can be volatilized by burning, though, 
by heat alone, no such effect is produced ? 

Mrs, B. Yes ; but then it is no longer simple carbon, but an 
acid of which carbon forms the basis. In this state, carbon re- 
tains no more apearance of solidity or coporeal form, than the 
basis of any other gas. And you may, I think, from, this in- 
stance, derive a more clear idea of the basis of the oxygen, hy-. 
drogen, and nitrogen gases, the existence of which, as real bb« 
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dies, you seemed to doubt, because they were not to be obtiii»» 
ed simply in a solid form. 

Emily. That is true ; we may conceive the basis of the oxy- 
gen, and of the other gases, to be solid, heavy substances, likf 
cai bon ; but so much expanded by caloric as to become invisiblef< 

Caroline, But does not the carbonic acid gas partake of th^* 
blackness of charcoal ? ' / 

Mrs. B, Not in the least. Blackness, you know, does not 
appear to be essential to carbon, and it is pure carbon, and not 
charcoal, that we must consider as the basis of carbonic acid. 
We shall make some carbonic acid, and, in order to hasten the 
process, we shall bum the carbon in oxygen gas. 

Emily, But do you mean then to burn diamond ? 

Mrs, B. Charcoal will answer the purpose still better, being 
softer and more easy to inflame; besides the experiments on 
diamond are rather expensive. 

Caroline, But is it possible to bum diamond ? 

Mrs, B, Yes, it is; and in order to effect this combustion, 
nothing more is required than to anj^ a sufl^ient degree of 
heat by means of the blow-pipe, and Wa, stream of oxygengas. 
Indeed it is by burning diamond that its chemical nature baa 
been ascertained. It has long been known as a combustible 
substance, but it is within these few years only that the product 
of its combustion has been proved to be pure carbonic acid. 
This remarkable discovery is due to Mr. Tennant. ■' 

Now let us try to make some carbonic acid. — Will you^ 
Emily, decant some oxygen gas from this large jar into the re- 
ceiver ip which we are to burn the carbon 5 and I shall intro* 
duce this small piece of charcoal, with a little lighted tinder, 
which will be necessary to give the first impulse to the com- 
bustion. 

Emily, I cannot conceive how so small a piece of tinder, and 
that but just lighted, can raise the temperature of the carbon 
sufficiently to set fire to it ; for it can produce scarcely any sen- 
sible heat, and it hardly touches thei carbon. 

Mrs, B, The tinder thus kindled has only heat enough to be- 
gin its own combustion, which, however, soon becomes so rap- 
id in the oxygen gas, as to raise the temperature of the char- 
coal sufficiently for this to burn likewise, as you see is now the' 
case. 

Emily, I am surprised that the combustion of carbon is not 
pore brilliant ; it does not give out near so much light or caloric 
as phosphorus, or sulphur. Yet since it combines with so niucfe 
oxygen, why is not t proportional quantity of light and heat 
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disengaged from the decomposition of the oxygen gas, and the 
union of its electricity with that of the charcoal ? 

Mrs. B. It is not surprising that less light and heat should 
be liberated in this than in almost any other combustion, since 
the oxygen, instead of entering into a solid or liquid combina* 
tion, as it does in the phosphoric and sulphuric acids, is em- 
ployed in forming another elastic fiuid ; it therefore parts with 
less of its caloric. 

Emily, True; and, on second consideration, it appears, on 
the contrary, surprising that the oxygen should, in its combina- 
tion with carbon, retain a sufficient portion of caloric to main- 
tain tK>th substances in a gaseous state. 

Caroline, We may then judge of the degree of solidity in 
which oxygen is combined in a burnt body, by the quantity of 
caloric liberated during its combustion ? 

Mr». B. Yes ; provided that you take into the account the 
quantity of oxygen absorbed by the combustible body, and ob- 
serve the proportion which the caloric bears to it. 

Caroline. But why should the water, after the combustion of 
carbon, rise in the receiver, since the gas within it retains an 
aeriform state ? 

Mrs, B. Because the carbonic acid gas is gradually absorbed 
by the water ; and this effect would be promoted by shaking 
the receiver. 

Emily, The charcoal is now extinguished, though it is not 
aearly consumed ; it has such an extraordinary avidity for ox* 
ygen, I suppose, that the receiver did not contain enough to sat- 
. isfy the whole. 

Mrs. B, That is certainly the case; for if the combustion 
were performed in the exact proportions of 28 parts of carbon 
to 72 of oxygen, both these ingredients would disappear, and 
100 parts of carbonic acid would be produced. 

Caroline. Carbonic acid must be a very strong acid, since it 
contains so great a proportion of oxygen ? 

Mrs. B. That is a very natural inference ; yet it is errone- 
ous. For the carbonic is the weakest of all the acids. The 
strength of an acid seems to depend upon the nature of its basis, 
and its mode of combination, as well as upon the proportion of 
the acidifying principle. The same quantity of oxygen that 
will convert some bodies into strong acids, will only be sufii- 
cient simply to oxydate others. 

Caroline. Since this acid is so weak, I think chemists should 
have called it the carbonous, instead of the car6omc acid. 

Emily. But, I suppose, the carbonous acid is still weaker, 
amd 18 formed by burning carbon in atmospherical air. 

13 
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Mre. B» It has been lately discovered, that carbon may be 
converted into a gas, by uniting with a smaller proportion of 
oxygen ; but as this gas does not possess any acid properties^ 
it is no more than an oxyd ; it is palled gaseous oxyd qf.cm^ 
bon. 

Caroline. Pray is not carbonic acid a very wholesome gas 
to breathe, as it contains so much ox^^gen ? 

Mrs. B. On the contrary, it is extremely pernicious. Oxy- 
gen, when in a state of combination with other substances, loses, 
in almost every instance, its respirable properties, ^nd the jsali^ 
brious effects which it has on the animal economy when in its 
unconfined state. Carbonic acid is not only unfit for, respira- 
tion, but extremely deleterious if taken into the lungs. 

Emily. You know, Caroline, how very unwholesome the 
fumes of burning charcoal are reckoned. 

Caroline. Yes; but to confess the truth, I did not consider 
that a charcoal fire produced carbonic acid gas. — Can this gas 
be condensed into a liquid ? 

Mrs. B. No : for, as I told you before, it is a permanent elas- 
tic fluid. But water can absorb a certain quantity of this gas, 
and can even be impregnated with it, in a very strong degree, 
by the assistance of agitation and pressure, as 1 am going to 
show you. I shall decant some carbonic acid gas into this bot- 
tle, which I fill first with water, in order to exclude the atmos- 
pherical air ; the gas is then introduced through the water, 
which you see it displaces, for it will not mix with it in any 
quantity, unless strongly agitated, or allowed to stand over it 
for some time. The bottle is now about half full of carbonic 
acid gas, and the other half is still occupied by the water. By 
CO] king the bottle, and then violently shaking it, in this way, I 
can mix the gas and water together. — Now wiU you taste it ?. 

Emily. It has a distinct acid taste. 

Caroline. Yes, it is sensibly sour, and appears full of little 
bubbles. 

Mrs, B, It possesses likewise all iheother properties of acids, 
but of course, in a less degree th«^n the pure carbonic acid gas, 
as it is so much diluted by water. 

This is a kind of artificial Seltz.er water. By analysing that 
which is produced by nature, it was found to contain scarcely 
any thing more than common water impregnated with a certaiu 
proportion of carbonic acid gas. We are, therefore, able to 
imitate it, by mixing those proportions of water and carbonic 
acid. Here, my dear, is an instance in which, by a chemical 
process, we can exactly copy the operations of nature ; for th^ 
artificial Seltzer waters can be made in every respect similar to 
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tbbse of nature; in one point, indeed, the former have an ad- 
Vantage, since they may be prepared stronger or weaker, as oc- 
casion requiiies. . 

Caroline, I thought I had tasted such water before. Bui 
what renders it so brisk and sparkling ? 

' Mn. B. This sparkling, or effervescence, as it is called, is al- 
ways occasioned by the action of an elastic fluid escaping from 
a hquid ; in the artificial Seltzer water, it is produced by the 
carbonic acid, which being lighter than the water in which it 
was strongly condensed, flies off with great rapidity the instant 
the bottle is uncorked ; this makes it necessary to drink it im- 
mediately. The bubbling that took place in this bottle was 
but trifling, as the water was but very slightly impregnated with 
carbonic acid. It requires a particular apparatus to prepare 
the gaseous artificial mineral waters. 

Emily, If, then, a bottle of Seltzer water remains for any 
length of time uncorked, I suppose it returns to the state of com- 
mon water ? 

Mrs, B, The whole of the carbonic acid gas, or very nearly 
so, will soon disappear 5 but there is likewise in Seltzer water a 
very small quantity of soda, and of a few other saline or earthy 
ingredient, which will remain in the water, though it should be 
kept uncorked for any length of time. 

Caroline. I have often heard of people drinking soda water. 
Pray what sort of water is that ? 

' Mrs, B. It is a kin4 of artificial Seltzer water, holding in so- 
lution, besides the gaseous acid, a particular saline substance, 
called soda, which imparts to the water certain medicinal quali- 
ties. 

' Caroline. But how can these waters be so wholesome, since 
carbonic acid is so pernicious ? 

Mrs. £?. A gas, we may conceive, though very prejudical to • 
breathe, may be beneficial to the stomach. — But it would be of 
no use to attempt explaining this more fully at present. 
' Caroline. Are waters never impregnated with other gases ? 

Mrs. B. Yes ; there are several kinds of gaseous waters. I 
forgot to tell you that waters have, for some years past, been 
prepared, impregnated both with oxygen and hydrogen gases. 
'These are not an imitation of nature, but are altogether obtain- 
ed by artificial means. They have been lately used medicinal- 
ly, particularly on the continent j where, I understand, they have 
acquired some reputation. 

Emily. If I recollect right, Mrs. B., you told us that carbon 
was capable of decomposing water ; the afl^ity between oxy- 
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gen and carbonrmust, therefore, be greater tbah between'ixy- 
fen and hydrogen ? 

Mrs. B. Yes ; but this is not the case unless their tempera- 
ture be mised to a certain degree. It is only when carbon/is 
red-hot, that it is capable of separating the oxygen from the hji- 
drogen. Thus, if a small quantity of water be thrown on ai«(|- 
hot fire, it will increase rather than extinguish the comfousfion ; 
for the coals or wood, (both of which contain a quantity of caiv 
bon,) decompose the water, and thus supply the fire both with 
oxygen and hydrogen gases. If, on the contrary, a large nsadfs 
of water be thrown over the fire, the diminution of beat thus 
produced is such, that the combustible matter loses the poW«r 
of decomposing the water, and the fire is extinguished. i 

Emily. I have heard that fire-engines sometimes do more 
harm than good, and that they actually increase the fire wheo 
they cannot throw water enough to extinguish it. It must be 
owing, no doubt, to the decomposition of the water by the car- 
bon during the conflagiation. 

Mrs. B. Certainly, — The apparatus which you see her* 
(Plate XI. fig. 3.), may be used to exemplify what we hav« 
just said. It consists in a kind of open furnace, through which 
a porcelain tube, containing charcoal, passes. To one end of 
the tube is adapted a glass retort with water- in it ; and the alit-^ 
er end communicates with a receiver placed on the water-bath. 
A lamp being applied to tlie retort, and the water made to boil^ 
the vapour is gradually conveyed through the red hot charcoaly 
by which it is decomposed ; and the hydrogen gas which re* 
suhs from this decomposition is collected in the receiver. But 
the hydrogen thus obtained is far from being pure ; it retains m 
solution a minute portion of carbon, and contains also a quaati- 
ty of carbonic acid. This renders it heavier than pure hydr^- 
•gen gas, and gives it some peculiar properties; it is distinguish- 
ed by the name of carbonated hydrogen gas. 

Caroline. And whence does it obtain the carbonic acid that 
is mixed with it? 

Emily. I believe I can answer that question, Caroline.-^ 
From the union of the oxygen (proceeding from the decomposed 
water) with the carbon, which, you know, makes carbonic acid. 

Caroline. True ; I should have recollected that.— -The pro- 
duct of the decomposition of water by red-hot charcoal, thJerc- 
fore, is carbonated hydrogen gas, and carbonic acid gas. 

Mrs. B. You are perfectly right now. 

Carbon is frequently found combined with hydrogen in a slate 
of solidity, especially in coals, which owe their combustible 
nature to these two principles* ' * 
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^ JSmily. lis it thd hydrogen, then, that produces the flame of 
coals ? 

Mrs, B. It is so ; and when all the hydrogen is consumed. 
the carbon continues to burn without flame. But again, as I 
mentioned when speaking of the gas-lights, the hydrogen gas 
produced by the burning of coals is not pure : for, during the 
combustion^ particles of carbon are successively volatilized 
with the hydrogen, with which they form what is called a 
hydro-carhonatj which is the principal product of this com- 
bastion. 

Carbon is a very bad conductor of heat ; for this reason, it 
is employed (in conjunction with other ingredients) for coating 
furnaces and other chemical apparatus. 

Emly. Pray what is the use of coating furnaces ? 

Mrs, B. In most cases, in which a furnace is used, it is ne- 
cessary to produce and preserve a great degree of heat, for 
-which purpose every possible . means are used to prevent the 
heat from escaping by communicating with other bodies, and 
this object is attained by coating over the inside of the furnace 
with a kind of plaster, composed of materials that are bad 
conductors of heat. 

Carbon, combined with a small quantity of iron, forms a 
compound called plumbago, or black-lead, of which pencils 
are made« This substance, agreeably to the nomenclature, is 
a carburet of iron. 
,' Emily, Why, then, is it called black-lead ? 

Mrs. B, It is an ancient name given to it by ignorant peo- 
ple, from its shining metallic appearance ; but it is certainly a 
most improper name for it, as there is not a particle of lead in 
the composition. There is only one mine of this mineral, 
which is in Cumberland.* It is supposed to approach as near- 
• \y to pure carbon as the best prepared charcoal does, as it con- 
tains only five parts of iron, unadulterated by any other for- 
eign ingredients. There is another carburet of iron, in which 
the iron, though united only to an extremely small proportion 
of carbon, acquires very remarkable properties ; this is steel.. 

Caroline. Really ; and yet steel is much harder than iron ? 

Mrs. B. But carbon is not ductile like iron, and therefore 
may render the steel more brittle, and prevent its bending so 
easily. Whether it is that the carbon, by introducing itself into 
the pores of the iron^ and, by fillinjg them, makes the met^l 
both harder and heavier 5 or whether this change depends up- 

* She means io England. Black lead is found in a great variety of 
places in this country. C 

13* 
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on some chemical cause, I cannot prcftend to decide. Bift 
there is a subsequent operation, by which the hardness of ste^ 
18 very much increased, which simply consists in heating tlifr 
steel till it is red-hot, and then plunging it into cold water. 

Carbon, besides the combination just mentioned, enters intv 
the composition of a vast number of natural productions, such, 
lor instance, as all the various kinds cif oils, which result from 
the combination of carbon, hydrogen, and caloric, in various 
proportions. 

EnUfy. I thought that carbon, hydrogen, and caloric, iormei 
carbonated hydrogen gas ? 

Mrs. B. That is the case when a small portion of carbonic 
acid gas is held in solution by hydrogen gas. Different propor- 
tions of the same principles, together with the circumstances of 
iheir union, produce very di^Rsrent combinations ; of this you 
will see innumerable examples. Besides, we are not now talk^ 
ing of gases, but of carbon and hydrogen, combined only with 
« quantity of caloric, sufficient to bring them to the consistency 
of oil or fat. 

Caroline. But oil and fat are not of the same consistence ? 

Mrs. B. Fat is only congealed oil ; or oil, melted fat. The 
'ime requires a little more heat to maintain it in a fluid state than 
the other. Have you never observed the fat of meat turned to 
oil by the calotic it has imbibed from the fire ? 

Emily. Yet oils in general, as salad-oil, and-lamp-cnl, do not 
turn to fat when cold ? 

Mr9. B. Not at the common temperature of the atmosphere, 
because they retain too much caloric to congeal at that tern* 
perature 5 but if exposed to a sufficient degree of cold, their 
latent heat is extricated, and thoy become solid fat substance** 
Have you never seen salad-oil frozen in wimer ? 

Emily. Yes ; but it appears to me in that state very diffin^ 
ent from animal fat. 

JVlrs, B. The essential constituent parts of eitlier v^etahlc 
ar animal oils are the same, carbon and hydrogen ; their vari^ 
ety arises from the different proportions of these substances, 
and from other accessory ingredients that may be mixed with 
them. The oil of a whale, and the oil of roses, are, in their es- 
sential constituent parts, the same ; but the one is impregnated 
with the offensive particles of animal matter, the other with the 
delicate perfume of a flower. 

The difference oi fixed oils, and volatile or esaeniial oib, 
consists also in the various proportions of carbon and hydrp^ 
fen. Fixed oils are those which will not evaporate without 
being decomposed $ this is the c«se witkaUoomiBon oils, wUdi 
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cofiaiQ a greater proportion of carbon them the essential mb. 
The essential oils (which comprehend the whole class of essen«> 
oer^oid perfumes) arelighter ; they contain more equal propor- 
tions of carbon and hydn^n, and are volatilised or evapors^ 
M without being decomposed. - ' 

, Emi7y. When you say that one kind of oH will evaporate, 
and the other be decomposed, yon mean, 1 suppose^ by the 
iqpplicatton of heat ? 

Mrs. B, Not necessarily ; for there are oils that will evapo^ 
ihate slowly at the (x>mmon temperature of the atmosphere } 
but for a more rapid volatilization, or for their decompositioi]^ 
^le assistance of heat is required.* 

CaroHne. I shall now remember, I think, that fat and oil are 
tealiy the same substances, both consisting of carbon and hy« 
^rogen ; that in fixed oils the carbon preponderates, and lieaft 
produces a decomposition ; while. In essential oils, the proper^ 
tkm of hydrogen is greater, and heat produces a volatilization 
only. 

Emily. I suppose the reason why oil burns so well in lamps 
is because its two constituents are so combustible ? 

Mrs, B. Certainly ; the combustion of oil is just the same 
as that of a candle ; if tallow, it is only oil in a concrete state ; 
it wax, or spermaceti, its chief chemrcal ingredients are still 
hydrogen and carbon. 

' Emly, I wonder, then, there should be so great a difference 
between tallow and wax ? 

Mrs. B. I must again repeat, that the same substances, in 
different proportions, produce results that have sometimes 
scarcely any resemblance to each other. Bot this is rather a 
general remark tiiat I wish to impress upon yoin* minds, than 
one which is applicable to the present case ; for tallow and wax 
ace far from bneing very dissimilar ; the chief difference con* 
sists in the wax being a purer compound of carbon and hydro- 
gen than the tallow, which retains more of the gross particles 
•f animal matter. The combustion of a candle, and that of 
a lamp, both produce water and carbonic acid gas. Can yon 
tell me how these are ^med ? 

r l^ttily. Let me reflect. . . . Both the candle and lamp bum 
hf means of fixed oil — ^this is decomposed as the combustion 

• The volatile or essential oils evaporate wben exposed to the ain 
Hence the odor which oil ot lavender, peppermint, kc, give oHt. fhc 
animal oils, and what are called expressed oils, as that of castor, &c. 
do not evaporate. Hence a good test of the purity of essential oil, 
it, to let a drop fall on paper. If a grease-spot remaios after a few 
Udoatet, it it sdtdterated 'Wifb lose nxed t>i]. -C. 
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goes on ; and the constituent parts of the oil being thus sefia^ 
rated, the carbon unites with a portion of oxygen from theaf- 
mosphere to form carbonic acid gas, whilst the hydrogen coni^ 
bines with another portion of oxygen, and forms with it water. 
The products, therdbre, of the combustion of oils are water and 
carbonic acid gas. 

Caroline* But we see neither water nor carbonic acid pra^ 
duced by the combustion of a candle. 

Mrs. B> The carbonic acid gas, you know, is invisible, and 
the water being in a state of vapour, is so likewise. Emily is 
perfectly correct in her explanation, and I am very much plea* 
sed with it. 

> All the vegetable acids consist of various proportions of car* 
bon and hydrogen, acidified by oxygen. Gums, sugar, and 
starch, are likewise composed of these ingredients \ but, as the 
oxygen which they contain is not sufiicient to convert them into 
acids, they are classed with the oxyds, and called vegetable 
oxyds. ♦ , 

Caroline. I am very much delighted with all these new ideas; 
but, at the same time, I cannot help being apprehensive that 
I may forget many of them. 

Mrs. B. I would advise you to take notes, or, what would 
answer better still, to write down, after every lesson, as much 
of it as you can recollect. And, in order to give you a little 
assistance, I shall lend you the heads or index, which I occs^ 
sionally consult for the sake of preserving some method and 
arrangement in these conversations. Unless you follow some 
such plan, you cannot expect to retain nearly all that you learn, 
how great soever be the impression it may make on you at first. 

Emily, I will certainly follow your advice. — Hitherto I have 
found that 1 rt-collected pretty well what you have taught us ; 
but the history of carbon is a more extensive subject than any 
of the simple bodies we have yet examined. 

Mrs. B. I have little more to say on carbon at present ; but 
hereafter you will see that it performs a considerable part ta 
most chemical operations. 

Caroline. That is, I suppose, owing to its entering into the 
compositioa of so ^reat a variety of substances ? ^ 

j\irs. />. Certainly; it is the basis, you have seen, of all veg- 
etable matter ; and you will find that it is very essential to the 
process of animalization. But in the mineral kingdom also, 
particularly in its form of carbonic acid, we shall often discov* 
er it combined with a great .variety of substances. 

In chemical operations, carbon is particularly useful, from 
its very great attraction for oxygen, as it will absorb 4his dub- 
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fltaiseeirbtu many oxygenlited or burnt bodies, and thosdeoxy- 
genate, or unburn them, and restore thein to their original com* 
instibk state. 

Caroline. I do not understand how a body can be unbunUy 
tod restored to its original state* This piece of tinder, for in- 
stance, that has been burnt, if by any means the oxygen were 
«xtracted from it, would not be restored to its former state of 
linen ; for its texture is destroyed by burning, and that must be 
thtf case with all organized or manufactured substances, as you 
•bserved in a former conversation. 

- Mr9* B, A compound body is decomposed by combustion in 
a way which generally precludes the possibility of restoring <k 
to Its former state; the oxygen, for instance, does not become 
fixed in the tinder, but it combines with its volatile parts, and 
iies off in the shape of gas, or watery vapour. You see, 
fberefore, how vain it would be to attempt the decomposition of 
such bodies. But, with regard to simple bodies, or at least bod« 
ies whose component parts are not distributed by the process of 
oxygenation or deoxygenation, it is often possible to restore 
them, after combustion, to their original state. — The metals, 
for instance, undergo no other alteration by combustion than a 
combination with oxygen 5 therefore, when the oxygen is taken 
#om~ them, they return to their pure metallic state. But I shall 
say nothing further of this at present, as the metals will furnish 
ampleBubject for another morning; and they are the class of 
fiitmple bodies that come next under consideration. 



CONVERSATION X. 

T« ON METALS. 

M*8. B. Thb metals, which we are now to examine, arc 
tK»dies of a very different nature from those which we have 
hitherto considered. They do not, like the bases of gases, 
dude the immediate observation of our senses : for they are 
the most brilliant, the most ponderous, and the most palpable 
$libstaaces in nature. 

' Caroline. I doubt, however, whether the metals will appear 
to us so interesting, and give us so much entertainment as those 
Mysterious elements which conceal themselves from our view. 
Besides, they cannot af!brd so much novehy ; they are bodies 
^ith which we are already so well acquainted. 

^ Mr9^ B. You arc not aware, my dear, of the interesting dis- 
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coveries which were a few years ago made by Sir H. Davy re? 
specting this class of bodies. By the aid of the Vohaic batte- 
ry, he has obtained from a variety of substances, metals before 
uiilcnown, the properties of which areeijually new aud curiotw/ 
We shall begin, however, by noticing those metals with whfcfi 
you profess to be so well acquainted. But the acquaintance^ 
you will soon perceive, is but very superficial 5 and 1 trust that 
you will find both novelty and entertainment in considering; 
the metals in a chemical ppint of view. To treat of this sub- 
ject fully, would require a whole course of lectures 5 for metali 
form of themselves a most important branch of practical chem- 
istry. We must, therefore, confine ourselves to a general view^ 
of them. These bodies are seldom found naturally in their 
metallic form; they are generally more or less oxygenated or 
combined with sulphur, earths, or acids, and are often blended 
with each other. They are found buried in the bowels of thfe 
earth in most parts of the world, but chiefly in mountainous 
districts, where the surface of the globe has been disturbed by- 
earthquakes, volcanoes, and other convulsions of nature. They ' 
are spread in strata or beds, called veins, and these veins are 
composed of a certain quantity of metal, combined it'ith vari- 
ous earthy substances, with which they form minerals of dif- 
ferent nature and appearance, which are called ores. 

Caroline, I now feel quite at home, for my father has a 
lead-mine in Yorkshire, and I have heard a great deal about 
veins of ore,^ and of the roasting and smelting of the lead ; 
but, I confess, that I do not understand in what these operations 
consist. ^ 

Ahs. B, Roasting is the process by which the volatile parts 
of the ore are evaporated ; smelting, that by which the pure 
metal is afterwards «eparsited from the earthy remmns of tljg 
ore. This is done by throwing the whole into a furnace, an* 
mixing with it certain substances that will combihe with the 
earthy parts and other foreign ingredients of the ore ; the met- 
al being the heaviest, falls to the bottom, and runs out by prop- 
er openings in its pure metallic state. 

Emily. You told us in a preceding lesson that metals had a 
great affinity for oxygen. Do they not, therefore, combme 
with oxygen, when strongly heated m the furnace, and run out 
in the state of oxyds ? • 

Mrs. B. No ; for the scoriae, or oxyd, which soon forms on 
the surface of the fused metal, when it is oxydable, prevents 
the air from having any farther influence on the mass 5 so that 
neither combustion nor oxygenation can take place. 

Caroline. Are all the metals equally combustible ? 
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Mrs. B. No; their attractioa for oxygen varies extremely. * 
Timre are some that will combine with it only at a very high 
temperature, or by the assistance of acids ; whilst there arc^ 
others that oxydate spontaneously and with great rapidity, evea 
at tl^ lowest temperature ; such is in particular manganese, 
which scarcely ever exists in the metallic state, as it iromedi- 
sUely absorbs oxygen on being exposed to the air, and crumbles 
to an oxyd in the course of a few* hours. 

Emily. Is not that the oxyd from which you extracted the 
oxygen gas ? 

Mrs. jB. It is : so that, you see, this metal attracts oxygen at 
a low temperature, and parts with it when strongly heated. 

Emily* Is there any other metal that oxydates at the temper- 
ature of the atmosphere ? 

Mrs. B, They all do, more or less, excepting gold, silver, 
and platina. 

Copper, lead, and iron, oxydate slowly in the air, and cover 
themselves with a sort of rust, a process which depends on the 
gradual conversion of the surfoce into an oxyd. This rusty 
surface preserves the interior metal from oxydatton, as it pre* 
v^nts the air from coming in contact with it. Strictly speaking, 
however, the word rust applies only to the oxyd, which forms 
on the surface of iron, .when exposed to air and moisture, 
which oxyd appears to be united with a small portion of car- 
bonic acid. 

Emily. When metals oxydate from the atmosphere without 
an elevation of temperature, some light and heat, I suppose, 
must be disengaged, though not in sufficient quantities to be 
sensible. 

Mrs. B. Undoubtedly ; and, indeed, it is not surprising that 
in this case the light and heat should not be sensible, when you 
consider how extremely slow, and, indeed, how imperfectly, 
most metals oxydate by mere exposure to the atmosphere^ For 
the quantity of oxygen with which metals are capable of com- 
bining, generally depends upon their temperature ; and the 
absorption stops at various points of oxydation, according to 
the degree to which their temperature is raised. 

Emily. That seems very natural ; for the greater the quan- 
tity of caloric introduced into a metal, the more will its positive 
electricity be exalted, and consequently the stronger will be 
its affinity for oxygen. 

Mrs. B. Certainly. When the metal oxygenates with suf- 
ficient rapidity for light and heat to become sensible, combus- 
tion actually takes place. But this happens only at very high 
temperatures, aiid the product is nevertheless an oxyd; for 
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thoiigli, asl hav« jtttt satd, metals i^U combine whh di^rent 
proportions ofoxygen, yet with the exception of only five of 
liMmy tfaey are not susceptible of acidification. 

Metals change colour during the different degrees of oxyda- 
tjon which they undei^o. Lead, when heated in contact with 
the atmosphere, first becomes grey ; if its temperature be then 
raised, it turns yelbw, and a still stronger heat changes it to 
red. Iron becomes successively a green, brown, and white 
oxyd. Copper changes from brown to blue, and lastly green. 

Emily. Pray, is the white lead with which houses are pain- 
ted prepared by oxydating lead ? 

Mrs. B. Not merely by oxydating, but by being also united 
with carbonic acid. It is a carbonat of lead. The mere oxyd 
of lead is called red lead. Litharge is another oxyd of lead, 
containing less oxygen. Almost all the metallic oxyds are used 
as paints. The various sorts of ochres consist chiefly of iron 
more or less oxydated. And it is a remarkable circumstance, 
that if you bum metals rapidly, the light or flame they emit du- 
ring combustion partakes of the colours which the oxyd succes- 
sively assumes. 

Caroline. How is that accounted for, Mrs. B., since light 
does not proceed from the burning body, but from the decom- 
position of the oxygen gas ? 

Mr9. B, The correspondence of the colour of the light with 
that of the oxyd which emits it, is, in all probability, owing io 
some particles of the metal which are volatilised and carried off 
by the caloric. 

Caroline. It b then a sort of metallic gas. 

Why is it reckoned so unwholsome to breathe the a'ur of a 
place in which metals are melting ? 

Mn. B. Perhaps the notion is too generally entertained^ 
But it is true with respect to lead, and some other noxious met- 
als, because, unless care be taken, the particles of the ox- 
yd which are volatilized by the heat, are inhaled in with the 
breath, and may produce dangerous effects. 

I must show you some instances of the combustion of metals ; 
it would require the heat of a furnace to mtike them bum in 
the common air, but if we supply them with a stream of oxy- 
gen gas, we may easily accomplish it. 

Caroline. But it will still, I suppose, be necessary in some 
degree to raise their temperature ? 

Mrs. B. This, as you shall see, is very easily done, particu- 
larly if the experiment be tried upon a small scale. — I begin by 
lighting this piece of charcoal with the capdle, and tiien in- 
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crease the i^idity of its combustion by blowing upon it with a 
blow-pipe. (Plate XII. fig. 1.) 

Etnili/. That I do not understand 5 for it is not every kind of 
air, but merely oxygen gas, that prepuces combustion. Now 
you said that in breathing we inspired, but did not expiry 
oxygen gas. Why, therefore, should the air which you 
breathe through the blow-pipe promote the combustion of the 
charcoal ? » 

Mrs. B, Because the air, which has but once passed through 
the lungs, is yet but little altered, a small portion only of its 
oxygen being destroyed ; so that a great deal more is gained by 
ncreasing the rapidity of the current, by means of the blow-^ 
pipe, than is lost in consequence of the aiy^ssing once through 
the lungs, as you shall see — W^W 

EmUy. Yes, indeed, it makes the charcoal burn much 
brighter. 

Mrs, B. Whilst it is red-hot, I shall drop some iron filings 
on it, and supply them with a cuirent of oxygen gr^ by means 
of this apparatus, (Plate XII. fig. 2.) which consists simply 
of a closed tin cylindrical vessel, full of oxygen gas, with two 
apertures and stop-cocks, by one of which a stream of water is 
thrown into the vessel through a long funnel, whilst by the 
other the gas is forced out through a blow-pipe adapted to it, as 
the water gains admittance. — Now that I pour water into the 
funnel, you may hear the gas issuing from the blow-pipe — I 
bring the charcoal close to the current, and drop the filings up«> 
on it — ' 

Caroline, They emit much the same vivid light as the com- 
bustion of the iroq wire in oxygen gas. 

Mrs. jB.. The process is, in fact, the same^ there is only some 
difiVrence in the mode of conducting it. Let us burn some tin 
in the same manner — ^you see that it is equally combustible.— ii- 
Let us now try some copper — 

Caroline. This burns with a greenish flame 5 it is, I suppose, 
owing to the colour of the oxyd ? 

Emily. Pray, shall we not also bum some gold ? 

Mrs. B. That is not in our power, at least in this way. — 
Gold, Silver, and platina, are incapable of being oxydated by 
the greatest heat that we can produce by the common method* 
It is from this circumstance, that they have been called perfect 
metals. Even these, however, have an affinity for oxygen 5 
but their oxydation or combustion can be performed only by 
m^ans of acids or by electricity. 

The spark given o^t by the Voltaic battery produces at the 
point of contact a greater degree of heat ^han any other pror. 

14 •"■•■•' '^ 
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cess ; and it is at this very high temperature onl}|^hat the ai^ 
finity of these roetais for oxygen will enable them to act on each 
other. ♦ 

( am sorry that I canuot show you the combustion of the 
perfect metals by this process, but it requires a considerable 
VoltaicHbattery. You will see these experiments performed in 
the most perfect manner, when you attend the chemical lec- 
tures of the Royal Institution. But in the mean time I can^ 
without difficulty, show you an ingenious apparatus lately con- 
trived for the purpose of producing intense heats, the power of 
which nearly equals that of the largest Voltaic batteries. It 
simply consists, you see, in a strong box, made of iron or cop- 
per, Plate X fig^^ lo which may be adapted this air-syringe 
or condensing-puf^^^d a stop-cock terminating in a smalt 
orifice similar to that of a blow-pipe. By working the conden- 
sing syringe, up and down in this manner, a quantity of air is 
accumulated in the vessel, which may be increased to almost 
any e:^tent f so that if we now turn the stop-cock, the conden- 
sed air will rush out, forming a jet of considerable force ; and 
if we place the flame of a lamp in the current, you will see how 
violently the flame is driven in that direction. 

Caroline. It seems to be exactly the same eff*ect as that of 
a blow- pipe worked by the mouth, only much stronger. 

Emily. Yes ; and this new instrument has this adJditional ad- 
vantage, that it does not fatigue the mouth and lungs like the 
common blow-pipe, and requires no art in blowing. 

Mrs. B. Unquestionably ; but yet this blow-pipe would be 
of very limited utility, if its energy and power could not be 
greatly increased by some other contrivance. Can you imagine 
any mode of producing such an effect ? 

Emily. Could not the reservoir be charged with pure oxy* 
gen, instead of common air, as in the case of the gas-holder ? 

Mrs. B, Undoubtedly ; and this is precisely the contrivance 
I allude to. The vessel need only be supplied with air from a 
bladder full of oxygen, instead of the air of the room, and 
this, you see, may be easily <1one- by screwing the bladder on 
the upper part of the syringe, tjo that in working the syringe the 
oxygen gas is forced from the bladder into the condensing ves- 
sel. 

CaroUne. With the aid of this small apparatus, therefore, 
we could obtain the same effects as those we have just produced 
with the gas-holder, by means of a column of water forcing the 
g^s out of it ? 

Mrs.B. Yes; and much more conveniently so. But there 
is at mode of using this apparattis by which more powerful ef- 
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lects still may be obtained. It consists in condensing in the 
reservoir, not oxygen alone, but a mixture of oxygen and hy«» 
drogen in the exact proportion in which they unite to produce 
water ; and then kindling the jet formed by the mixed gases# 
The heat disengaged by this combustion, without the help of 
any lamp, is probably the most intense of any known ; and va« 
rious effects are said to have been obtained from it which ex- 
ceed all expectation. 

Caroline. But why should we not try this experiment ? 

Mrs. B. Because it is not exempt from danger 5* the cota* 
bustion (notwitstanding various contrivances which have been 
resorted to with a view to prevent accident) being apt to pene- 
trate into the inside of the vessel, and to produce a dangerous 
and violent explosion. We shall, therefore, now proceed in our 
subject. 

Caroline. I think you said the oxyds of metals could be re- 
stored to their metallic state ? 

Mrs. B. Yes ; this is called reviving a metal. Metals are 
in general capable of being revived by charcoal, when heated 
fed hot, charcoal having a greater attraction lor oxygen than 
the metals. You need only, therefore, decompose, or unburn 
the oxyd, by depriving it of its oxygen, and the metal will be 
restored to its pure state. 

Emily, But will the carbon, by this operation, be burnt, and 
be converted into carbonic acid ? 

Mrs. B. Certainly. There are other combustible substances 
to which metals at a high temperature will part with their oxy- 
gen. They will also yield it to each other, according to their 
several dc^re^s of attraction for it ; and if the oxygen goes \?XZ 
a more dense state in the metal which it enters, than it existed 
In that in which it quits, a proportional disengagement of calo- 
ric will take place. 

Caroline. And cannot the oxyds of gold, silver, and platina, 
which are formed by means of acids or of the electric fluid, be 
restored to their metallic state ? 

Mrs, B. Yes, they may ; and the intervention of a combust- 

* Hydrogrn and oxygen may be burned together with the most per- 
fect safety by muansof ihe compound bhw-pipcy an instrument invent- 
ed by Prof. Hare, of Philadelphia. Instead of mixing the gases in the 
same reservoir, they are kept separate until they meet at the point of 
combustion. An account of this blow-pipe is given by Prof. Siiliman, 
in his edition of Henry's chemistry, together with a list of experi- 
ments made with it on various substances. This was the first notice 
of any experiment made by burning the two gases together* for the 
purpose of obtaiDiDg an iotense beat. C. 
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ible body is not required ; heat alone will take the oxygen frocri 
iheinj convert it into a gas, and revive the incHal. 

Ejiiily, You said that rust was an oxyd of iron ; how is it, 
then, that water, or merely dampness, produces it, which^ you 
know, it very frequently does on steel grates, or any iron in* 
struments ? 

Mrs. B. In that case the metal decomposes the waifer, or 
dampness (which is nothing but water in a state of vapour), and 
obtains the oxygen from it. 

Car9Hne, I thought that it was necessary to bring metals to 
a very high temperature to enable them to decompose water. - 

Mrs. B. It is so, if it required that the process should b« 
performed rapidly, and if any considerable quantity is to be 
decomposed. Rust, you know, is sometimes months in form- 
ing, and then it is only the surface of the metal that is dxjda- 
ted. 

Emily, Metals, then, that do not rust, are incapable of spon- 
taneous oxydation, either by air or water ? 

Mrs, B. Yes ; and this is tht case with the perfect metals, 
which, on that account, preserve their metallic lustre so welh^ 

Emily, Are all metals capable of decomposing water, pro- 
vided tlieir temperature be sufficiently raised ? 

Mrs, B. No 5 a certain degree of attraction is requisite^ be* 
sides the assistance of heat. Water, you recollect, is compel' 
sed of oxygen and hydrogen ; and, unless the affinity of the 
metal for oxygen be stronger than that of hydrogen, it Is in vain 
that we raise its temperature, for it cannot take the oxygen 
from the hydrogen. Iron, zinc, tin, and antimony, have a 
sTTonger affinity for oSygeiilMnTiydrogeb has, thereftjre these 
four metals are capable of decomposing water. But hydrogen 
having an advantage over all the other metals with respect to 
its affinity for oxygen, it not only withholds its oxygen from 
them, but is even capable, under certain circumstances, of ta- 
king the oxygen from the oxyds of these metals. 

Emily, I confess that I do not quite understand why hydro* 
gen can take oxygen from those metals that do not decompose 
water. 

Caroline, Now I think. I do perfectly. Lead, for instance, 
will not decompose water, because it has not so strong an at* 
traction for oxygen as hydrogen has. Well, then, suppose ihe 
lead to be in a state of oxyd 5 hydrogen will take the oxygen 
from the lead, and unite with it to form water, because hydro* 
gen has a stronger attraction for oxygen, than oxygen has for 
lead ; and it is the sam0 with all the other metals which ^o not 
decompose water. 
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Btfiify, 1 Cih(ierstari(J your explanation, Caroline, very well ; 
Bnd I imagine that it is because lead cannot decompose water 
that it is so much employed for pipes for conveying that fluid.* 

Mrs, B . Certainly ; lead is, on that account, particularly 
appropriate to such purposes 5 whilst, on the contrary, this 
metal, if k was oxydable by water, would impart to it very 
npxious qualities, as all oxyds of lead are more or less perni- 
ciotts. 

But, with regard to the oxydation of metals, the most pow- 
erful mode of effecting it is by means of acids. These, you 
know, contain a much greater proportion of oxygen than either 
air or water ; and will, most of them, easily yield it to metals. 
Thus, you recollect, the zinc plates of the Voltaic battery are 
oxydated by the acid and water, much more effectually than- by 
water alone. 

Caroline. And I have often observed that if I drop vinegar^ 
lemon, or any acid on the blade of a knife, or on a pair of sci$<* 
sors, it will immediately produce a spot of rust. 

Emify. Metals have, then, three ways of obtaining oxygen 5 
from the atmosphere, from water, and from acids. 

Mrs. B. The two first you have already witnessed, and I 
shall now show you how metals take tlie oxygen from an acid* 
This bottle contains nitric acid ; I shall pour some of it over 

this piece of copper-leaf. 

. Caroline. Oh, what a disagreeable smell ! 

Emily. And what is it that produces the effervescence and 
that thick yellow vapour ? 

: Mrs. B. It is the acid, which being abandoned by the great- 
esX part of its oxygen, is converted into a weaker acid, which 
escapes in the form of gas. ^ 

Caroline. And whence proceeds this heat ? 

Mrs. B. Indeed, Caroline, I think you might now be able ta 
answer that question yourself. 

Caroline. Perhaps it is that the oxygen enters into the metal 
in a more solid state than it existed in the acid, in consequence 
of which caloric is disengaged. 

Mrs. B. If the combination of the oxygen and the metal r^ 
suits from the union of their opposite electricities, of course 
caloric must be given out. 

Emily. The effervesc<»nce is over 5 therefore I suppose that 
the metal is now oxydated. 

• Lead is capable of decomposing water, and ^yhcn sufftred to stanfi 
3ona: in a vessel of Ihia metal, it becomes poisonous. Wben used ttex^- 
ly to convey water, there is but little danjjer. C. 

•14* 
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Mrs. B. Yes. But there is another important connecdmi 
between metals and acids, with which I must now make yoci 
acquainted. Metals, when in the state of oxyds, are capable 
of being dissolved by acids. In thb operation they enter info 
a chemical combination with the acid, and form an entirely 
new compound. * 

Caroline. But what difference is there between the oxydOf 
Hon and the cUssolution of the metal by an acid ? 

Mrs, B. In the first case, the metal merely combines with a 
portion of oxygen taken from the acid, which is thus partly de- 
•xygenated, as in the instance you have just seen; in the second 
case, the metal, after being previously oxydated,is actually dlss<4r- 
ved in the acid, and enters into a chemical combination with k^ 
without producing any further decomposition or effervescence. 
— Thisf complete combinati n of an oxyd and an acid forms a 
peculiar and imfK>rtant class of compound sahs. 

Emily, The difference between an oxyd and a compound 
salt, therefore, is very obvious ; the one consists of a metal and 
oxygen ; the other of an oxyd and an acid. 

Mrs, B. Very well : and you will be careful to remember 
that the metals are incapable of entering into this combination 
with acids, unless they are previously oxydated; therefore, 
whenever you bring a metal in contact with an acid, it will be 
first oxydated and afterwards dissolved, provided that there be 
a sufficient quantity of acid for both operations. 

There are some metals, however, whose solution is more ea- 
sily accomplished, by diluting the acid in water ; and the metal 
will, in this case, be oxydated, not by the acid, but by the wa- 
ter, which it will decompose. But in proportion as the oxygen 
of the water oxydates the surface of the metal, the. acid com- 
bines with it, washes it off, and leaves a fresh surface for the 
oxygen to act upon : then other coats of oxyd are successively 
formed, and rapidly dissolved by the acid, which contimies 
combining with the new-formed surfaces of ox3'd till the whole 
of -the metal is dissolved. During this process the hydrogen 
gas of the water is disengaged, and flies off with effervescence. 

Emily, Was not this the manner in which the sulphuric acid 
assisted the iron filings in decomposing water ? 

Mrs, B, Exactly ; and it is thus that several metals, which 
are incapable alone of decomposing water, are enabled to do 
it by the assistance of an acid, which, by continually washing 
off the covering of oxyd, as it is formed, prepares a fresh sur- 
face of metal to act upon the water. 

Caroline, The acid here seems to act a part not very difier* 
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eot ^om that of a scrubbing-tN'ush. — But pray would not tlus 
be a good method of cleaning rnetalHc utensils ? 
'•^ Mrs, B. Yes ; on some occasions a weak acid, as vinegar, 
m used for cleaning copper. Iron plates, too, are freed from 
the rust on their surface by diluted muriatic acid, previous to 
their being covered with tin. You must reinember, however, 
•that in this mode of cleaning metals the acidf should be quickly 
afterwards wiped off, otherwise it would produce fresh oxyd. 
. -Caroline. Let us watch the dissolution of the copper in the 
oitric acid ^ for I am very impatient to see the salt that is to re- 
fsak from it. The mixture is now of a beautiful blue colour ; 
but there is no appearance of th& formation of a salt; it seeai» 
to be a tedious operation. 

iflrs. B. The crystallisation of the salt requires some length 
^f time to be completed ; if, however, you are so impatient, I 
xan easily show you a metallic salt already formpd. 

Caroline, But that would not satisfy lAy curiosity half so 
.well as one of our own manufacturing. 

Mrs, B. It is one of our own preparing that I mean to show 
you. When we decomposed water a few days since, • by the 
oxydation of iron filings through the assistance of sulphodc 
acid, in what did the process consist ? 

^ Caroline. In proportion as the water yielded its oxygen to 
the iron, the acid combined with the new-formed oxyd, and the 
hydrogen escaped alone. 

' Mri. B. Very well ; the result, therefore, was a compound 
salt, formed by the combination of sulphuric acid with oxyd of 
iron. It still remains in the vessel in which the experiment 
.was performed. Fetch it, and we shall examine it. 

Emily, What a variety of processes the decomposition of wa- 
,ter, by a metftl and an acid, implies : 1st, the decomposition of 
the water; 2dly, the oxydation of the metal; and 3dly, the 
formation of a compound salt. 

Caroline. Here it is, Mrs. B. — ^What beautiful green crys- 
tals I But we do not perceive any crystals in the solution of 
copper in nitrous acid ? 

Mrs. B* Because the salt is now suspended in the water 
which the nitrous acid contains, and will remain so till it is de- 
rposited in consequence of rest and cooling. 

Emily, I am surprised that a body so opaque as iron can be 
converted into such transparent crystals. 

Mrs. B. It is the union with the acid that produces the trans- 
parency ; for if the pure metal were melted, and afterwards 
|)ermitted to cool and crystallise, it would be found just as 
opaque as before. 
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Emily, I do not understand the exact meaning o( crystaJMsa^' 
Hen. 

Mrs. B. You recollect that when a solid body is dissolved 
either by water or caloric it is not decomposed ; but that its in- 
tegrant parts are only suspended in the solvent. When the so*' 
lution is made in water, the integrant particles of the body will, ' 
on the water being evaporated, again unite into a solid mass by * 
the force of their mutual attraction. But when the body is dis* 
solved by caloric alone, nothing more is necessary, in order to 
make its particles re-unite, than to reduce its temperature. And, 
in general, if the solvent, whether water or caloric, be slowly 
separated by evaporation or by cooling, and care taken that 
the particles be not agitated during their re-union, they will ar- 
range themselves in regular masses, each individual substance 
assuming a peculiar form or arrangement ; and this is what is 
called crystallisation. 

Emily. Crystallislition, therefore, is simply the re-union oft 
the particles of a solid body which has been dissolved in a 
fluid.* 

Mrs. B. That is a very good definition of it. But I must 
not forget to observe, that heat and water may unite their sol- 
vent powers ; and, in this case, crystallisation may be hasten- 
ed by cooling, as well as by evaporating the liquid. 

Caroline. But if the body dissolved is of a volatile nature,, 
will it not evaporate with the fluid ? 

Mrs. B. A crystallised body held in solution only by water 
is scarcely ever so volatile as the fluid itself, and care must be 
taken to manage the heat so that it may be sufficient to evapo- 
rate the water only ' 

I should not omit also to mention that bodies, in crystallising * 
from their watery solution, always retain a small portion of 
water, which remains confined in the crystal in a solid form, 
and does not re-appear unles the body loses it crystalline state.;. 

This is called the 2(7a^er of crystallisation. But you must 
observe, that whilst a body may be separated from its solution., 
in water or caloric simply by cooling or by evaporation, an acid 
can be taken from a metal with which it is combined only by , 
^ftronger affinities, which produce a decomposition. 

Emily. Are the perfect metals susceptible of being dissolved 
and converted into compound salts by acids? j 

Mrs. B. Gold is acted upon by only one acid, the oxygena* 

* Not exactly, because the particles of the fluid make a part of the 
crystal. Ciystallisatjon is that process by which the particles of bO' 
^les unite to form solids, of certain, and regular shapes. C. 
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ted mtaiatic^ a very remarkable acid, which, when in its most 
concentrated state, dissolves gold «r any other metal, by burn- 
ing them rapidly. 

Gold can, it is true, be dissolved likewise by a mixture erf" 
two acids, commonly called ctqua regia ; but this mixed solv- 
ent derives that property from containing the peculiar acid 
which I have just mentioned. Platina is also acted upon by 
this acid only ; silver is dissolved by nitric acid. 

Caroline. I think you said that some of the metals might be 
so strongly oxydated as to become acid ? 

Mrs. jB. There are five metals, arsenic, molybdena, chrome, 
tungsten, and cohimbium, which are susceptible of combining . 
with a sufficient quantity of oxygen to be converted into acids. 

CctroUne. Acids are connected with metals in such a varie- 
ty of ways, that I am afraid of some confusion in remembering 
them. — In the first place, acids will yield their oxygen to met- 
als. Secondly, they will combine with them in their state of 
oxyds, to form compound salts ; and lastly,^ several of the met- 
als are themselves susceptible of acidification. 

Airs. B, Very well ; but though metals have so great an af- 
^Bity for acids, it is not with that class of bodies alone that they 
will combine. They are most of them in their simple state, 
capable of uniting with sulphur, with phos^horu?, with carbon, 
and with each other ; these combinations, according to the no- 
menclature which was explained to you on a former occasion, 
5ure called sulphuretSy phosphoreU^ coi'burets, &c. 

The metallic phosphorets offer nothing very remarkable. 
The sulphurets form the peculiar kind of mineral cslled pyrites^ 
^pom which cermfh^hHis of^ouLQeral^oraters^as^thos^ bf Harrc» 
gate, derive their chief chemical properties. In this combina- 
tion, the sulphur, together with the iron, have so strong an at- 
traction for oxygen, that tbey obtain it both from the air and 
from water, and by condensing it in a solid form, produce tb© 
heat which raises the temperature of the water in such a re^ 
markable degiee. ^ 

Emily. But if pyrites obtain oxygen from water, that water* 
must suffer a decomposition, and hydrogen gas be evolved. 

Mrs. B. That is actually the case in the hot sgrings alluded 
to, which give out an extremely fetid gas, composted of hydro- 
gen impregnated with sulphur. 

Caroline. If I recollect right, steel and plumbago, which 
you mentioned in the last lesson, are both carburets of iron ? 

Mrs. B. Yes ; and they are the only carburets of much con- 
sequence. 

A curious combination of metals has lately very aiuch at« 
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traded the attention of the scientific world : I mean the meter 
oric stones which fall from the atmosphere. They consist prinr 
cipally of native or pure iron, which is never found in that state 
in the bowels of the earth* and contain aho a small quantity of 
nickel and chrome, a combination likewise new in the mineral 
kingdom. 

These circumstances have led many scientific persons to be- 
lieve that those substances have fallen from the moon, or some 
other planet, while others are of opinion either that they are 
formed in the atmosphere, or are projected into jit by some un- 
known volcano on the surface of our globe. 

Caroline. I have heard much of these stones, but I believe 
many people are of opinion that they are formed on the surface 
of the earth, and laugh at their pretended celestial origin. 

Mrs. B, The fact of their falling is so well ascertained, that 
1 think no person who has at all investigated the subject, can 
now entertain any doubt of it. Specimens of these stones have 
been discovered in all parts of the world, and to eacti of them 
some tradition or story of its fall has been found connected. 
And as the analysis of all those specimens affords precisely the 
same results, there is strong reason to conjecture that they all 
proceed from the same source. It is, to Mr. Howard that phi- 
losophers are indebted for having first analysed these stones, 
and directed their attention to this interesting subject. 

Caroline. But pray, Mrs. B., how can solid masses of nick- 
el be formed from the atmosphere, which consists of the two 
airs, nitrogea and oxygen ? * 

Mrs. B. I really do not see how they could,'*and think it 
much mor^ nrobable Jhat they fall from th« r«oon. or some oth- 
er celestial body. — But we must not suffer this digression to 
take up too much of our time. 

The combinations of metals with each other arexalled alloys ; 

* This seems to be a mistake. Several hcalities of native iron, 
found in veins are pointed put by authors. \n several instances lar^e 
blocks of native irc»n have been found on the surface of the earth. One 
^found by Prof. Pallas in Siberia weighed 1600 lbs. Another found in 
South America is said to weigli 30,000 lbs. &;c. Tht se have been sus- 
pected to be of meteoric origin, though nothing; is known, which makes 
this certain. Those stones which are known beyond a doubt to have 
fallen from the atmosphere, have a very different composition. These 
generally contain the following ingredients, viz. iron, nickel chrome^ 
oxide of iron, sulphur, silex, lime, mugnesin, and alumine. The iron 
rarely amounts to a quarter of the whole. Accounts are recorded of 
the falling of stones, sulphur, &c. in every age since the Christian era, 
and in almost every part of the world. C. 
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thus brass is an alloy of copper and zinc ; bronze, of copper 
and tin, &g. 

Emily. And is not pewter also a combination of metal ? 

Mrs. B. It is. The pewter made in this country is most- 
ly composed of tin, with a very small proportion of zinc and 
lead. 

Varoline. Block-tin is a kind of pewter, I believe? 

Mrs. B. Properly speaking, block-tin means tin in blocks, 
or square massive ingots ; but in the sense in which it is used 
by ignorant workmen, it is iron plated with tin, which renders 
it more durable, as tin will not so easily rust. Tin alone, how- 
ever, would be too soft a metal to be worked for common use, 
and all tin vessels and utensils are in fact made of plates of 
iron, thinly coated with tin, which prevents the iron from rusting. 

Caroline. Say rather oxydating^ Mrs. B. — Rust is a word 
that should be exploded in chemistry. 

Mrs. B. Take care, however, not to introduce the word ox- 
ydate, instead of rust, in general conversation ; for you would 
p robably not be understood, and you might be suspected of af- 
fectation. 

Metals differ very much in their affinity for each other ; some 
will not unite at all, others readily combine together, and on 
this property of metals the art of soldering depends. 

Emily. What is soldering ? 

Mrs. B. It is joining two pieces of metal together, by a more 
fusible metal interposed between them. Thus tin is a solder 
for lead ; brass, gold, or silver, are solder for iron, &c. 

Caroline. And is not plating metals something of the same 
nature ? 

Mrs. B. In the operation of plating, two metals are unifed, 
one being covered with the other, but without the intervention 
of a third 5 iron or copper may thus be covered with gold . or 
silver. 

Emily. Mercury appears to me of a very different nature 
from the other metals. 

Mrs. B. One of its greatest peculiarities is, that it retains a 
fluid state at the temperature of the atmosphere. All metals 
are fusible at different degrees of heat, and they have likewise 
each the property of freezing or becoming solid at a certain fix- 
ed temperature. Mercury congeals only at seventy-two degrees 
below the freezing point. 

Emily. That is to say, that in order to freeze, it requires a 
temperature of seventy-two degrees colder than that at which 
wfiter freezes. 

Mrs. B. Exactly so. 
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Caroline. Bat is the temperature of the atmosphere ever sq 
low as that ? 

J^lrs, B, Yes, often in Siberia ; but happily never in. this 
part of the gl6be. Here, however, mercury may be congeahtd 
by artificial cold ; I mean such intense cold as can be produced 
by some chemical mixtures, or by the rapid evaporation of 
ether under the air pump.* 

Caroline, And can mercury be made to boil and evaporate ? 

Mrs. /?. Yes, like any other liquid ; only it requires a much 
greater degree of beat. At the temperature of six hundred 
degrees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several otht- 
er metals ; and, if mixed with any of them in a sufficient pr<)- 
portion, it penetrates the solid metal, softens it, loses its own flu^ 
idity, and forms an amalgam, which is tlie name given to the 
combination of any metal with mercury, forming a substance 
more or less solid, according as the mercury or the other metal 
predominates. 

Emily. In the list of metals there are some whose names I 
have never before heard mentioned. 

Mr$. B. Besides those which Sir H. Davy has obtained, 
there are several that have been recently discovered, whosjB 
properties are yet but little known, as for instance, titanium^ 
which was discovered by the Rev. Mr. Gregor, in the tin-mines 
of Cornwall ; columbium or tantaltum, which has lately he^tt 
discovered by Mr. Hatch ett ; and osmium, iridium, palladium, 
and rhodium, all of which Dr. Wollaston and Mr. Tennant 
found mixed in minute quantities with crude platina, and the 
distinct existence of which they proved by curious and delicate 
experiments. More recently still Professor Parhelius has dis- 
covered in a pyritic ore, at Fahlun, in Sweden, a jnetallic Tsub- 
stance, which he has called selenium, and which has the singu- 
lar peculiarity of assuming the form of a yellow gas when heat-» 
ed in close vessels. In some of its properties this substai>i3e 
seems to hold a medium between the combustibles and the met- 
als. It bears in particular a strong analogy to sulphur. 

Caroline. Arsenic has been mentioned amongst the metals, I 
had no^notion that it belonged to that class of bodies, for I had 
never seen it but as a powder, and never thought of it but a^ a 
most deadly poison. 

Mrs. B. In its pure metallic state, I believe, it is not so poir 
Sonous; but it has such a great affinity for oxygen, that it ab- 

• By a procefs analo|;ou9 to that described, page 72, of thiB vo^ 
Mine. 
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<urbs it tix>iii the atmosphere at its natural teniperature : you 
have seen it, therefore, only in its state of oxyd, when, from its 
combination with oxygen, it has acquired its very poisonous 
properties. 

Cctroline, Is it possible that oxygen can impart poisonous 
qualities ? That valuable substance which produces light and 
lire, and which all bodies in nature are so eager to obtain ? 

Mrs. B. Most of the metallic oxyds are poisonous, and de- 
rive this property from their union with oxygen. The white 
lead, so much used in paint, owes its pernicious effects to oxy* 
gen. In general, oxygen, in a concrete state, appears to be 
particularly destructive in its efiects on flesh or any animal mat- 
ter ; and those oxyds are most caustic that have an acrid burn- 
ing taste, which proceeds from the metal having but a slight af^ 
finity for oxygen, and therefore easily yielding it to the flesb, 
which it corrodes and destroys. 

Emily. What is the meaning of the word caustic, which you 
have just used ? - 

J^rs, B, It expresses that property which some bodies pos- 
sess, of disorganizing and destroying animal matter, by ope- 
rating a kind of combustion, or at least a chemical decomposi- 
tion. You must often have heard of caustic used to bum warts, 
or other animal excrescences ; most of these bodies owe their 
destructive power to the oxygen with which they are combined. 
The common caustic, called lunar caustic, is a compound form- 
ed by the union of nictric acid and silver : and it is supposed 
to owe its caustic qualities to the oxygen contained in the nitric 
acid. 

Caroline. But, pray, are not acids still more caustic than 
oxyds, as they contain a greater proportion of oxygen ? 

Mrs* /<- Some of the acids are ; but the caustic property of 
a body depends not only upon the quantity of oxygen which it 
contains, but also upon its slight affinity for that principle, and 
the consequent facility with which it yields it. 

EmUy. Is not this destructive property of oxygen accounted 
for? 

Mrs. B. It proceeds probably from the strong attraction of 
-oxygen for hydrogen ; for if the one rapidly absoib the other 
from the animal fibre, a disorganization of the substapce must 
ensue. 

Emiltf. Caustics are, then, very properly siud to 6«ni the 
flesh, since the combination of oxygen and hydrogen is an ac» 
tual combustion. 

Caroline. Now, I think, this effect would be more properly 
15 
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termed an oxydation, as there is no disengagement of light and^ 
heat. / 

Mrs. B, But there really is a sensation of heat produced bjf 
Uie action of caustics. ^ 

Emily. If oxygen is so caustic, why does not that which is 
contained in the atmosphere burn us ? -^ 

Mrs. B. Because it is in a gaseous state, and has a greater 
attraction for its electricity than for the hydrogen of our bodies^ 
Besides, should the air be slightly caustic, we are in a great 
measure sheltered from its effects by the skin 5 you know how 
much a wound, however trifling, smarts on being exposed 
to it. 

Caroline. ^It is a curious idea, however, that we should live 
in a slow fire. But if the air was caustic, would it not have 
an acrid taste ? 

Mrs. B. It possibly may have such a taste, though in so 
slight a degree, that custom has rendered it insensible. 

Caroline. And why is not water caustic ? When I dip my 
hand into water, though cold, it ought to burn me from the* 
caustic nature of its oxygen. 

Mrs. B. Your hand does not decompose the water; the ox- 
ygen in that state is much better supplied with hydrogen than 
it would be by animal matter, and if its causticity depend oti 
its affinity for that principle, it will be very far from quitting 
its state of water to act upon your hand. You must not forget 
that oxyds are caustic in proportion as the oxygen adheres 
slightly to them. - 

Emily. Since the oxyd of arsenic is poisonous, its acid, I 
suppose, is fully as much so ? 

Mrs. B. Yes ; it is one of the strongest poisons in nature. 

Emily, There is a poison called verdigris^ which forms on 
brass and copper, when not kept very clean ; and this, I have 
heard, is an objection to these metals being made into kitchen 
utensils. Is this poison likewise occasioned by oxygen ? 

Mrs. B. It is produced by the intervention of oxygen ; for 
verdigris is a compound salt formed by the union of vinegar and 
copper ; it is of a beautiful green colour, and much used in 
painting. 

Emily. But, I believe, verdigris is often formed on copper 
when no vinegar has been in contact with it; 

Mrs. B. Not real verdigris, but other salts, somewhat re- 
sembling it, may be produced by the action of other acids on' 
copper. = 

The solution of copper in nitric acid, if evaporated, affords 
a salt which produces an effect on tin that will surprise you, 
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arid I have prepared sooie from the solution we made before, 
timt I might show it to you. 'I shall first sprinkle some water on 
ifejs piece of tin-foil, and then some of the salt. — Now observe- 
that i fold it up suddenly, and press it into one lump. 

Caroline. W bat a prodigious vapour issues from it — and 
sparks of fire I declare ! 

- Mrs. B, I thought it would surprise you. The effect, how- 
ever, I dare say you could account for, since it is merely the 
consequence of the oxygen of the salt rapidly entering into a 
closer combination with the tin. 

, There iS also a beautiful green salt too curious to be omitted; 
it is produced by the combination of cobalt with muriatic acid, 
which has the singular property of forming what is called aym' 
pathetic ink. Characters written with this solution are invisi^ 
ble when cold, buit when a gentle heat is applied, they assume a 
fine bluish green colour. 

Caroline, I think one might draw very curious landscapes 
with the assistance of this ink 5 I would first make a water-col- 
our drawing of a winter-scene, in which the trees should be 
leafless, and the grass scarcely green ; I would then trace all 
the verdure with the invisible ink, and whenever I chose to cre- 
ate spring, I should hold it before the fire, and its warmth 
would cover the landscape with a rich verdure. 

Mrs. B. That will be a very amusing experiment, and I 
advise you by all means to try it. 

Before we part, I must introduce to your acquaintance the 
curious metab which Sir H. Davy has recently discovered. 
The history of these extraordinary bodies is yet so much in it$ 
infancy, that I shall confine myself to a very short account of 
them ; it is more important to point out to you the vast, and 
apparently inexhaustable, field of research which has been 
thrown open to our view by Sir H. Davy's memorable discov- 
eries, than to enter into a minute account of particular bodies or 
experiments. 

Caroline. But I have heard that these discoveries, however 
splendid and extraordinary, are jiot very likely to prove of any 
great benefit to the world, as they are rather objects of curiosi- 
ty than of use, 

Mrs, B. Such may be the illiberal conclusions of the igno- 
rant and narrow-minded 5 but those who can duly estimate the 
advantages of enlarging the sphere of science, must be conviiM:- 
ed that the acquisition of every new fact, however unconnect- 
ed it may at first appear with practical utility, must ultimately 
prove beneficial to mankind. But these remarks are sc ircely 
applicable to the present subject i for isome of the new metah 
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have already proved eminently useful as cbemrcsd agentSy^nd 
are likely soon to be employed in the arts. For the enumera- 
tion of these metals, I must refer you to our list of simple bod- 
ies ; they are derived from the alkalies, the earths, and three 
of the acids, all of which had been hitherto considered usxaS^ 
decompoundable or simple bodies. 

When Sir H. Davy first turned his attention to the e^cts of 
the Voltaic battery, he tried its power on a variety of compouml 
bodies, and gradually brought to light a number of new and- in- 
teresting facts, which led the way to more important discove- 
ries. It would be highly interesting to trace his steps in this 
new department of science, but it would lead us too far from 
our principal object. A general view of his most remarkable 
discoveries is all that I can aim at, or that you could, at present, 
understand. 

The facility with which compound bpdt^ yielded to the 
Voltaic electricity, induced him to make trial of its effects on 
substances hitherto considered as simple, but which be suspect- 
ed of being compound, and his researches were soon crowned 
with the most complete success. 

The body which he first submitted to the Voltaic battery, 
and which had never yet been decomposed, ^vas one of the fix- 
ed alkalies, called potash. This substance gave out an elastic 
fluid at the positive wire, which was ascertained to be oxygen, 
and at the negative wire, small globules of a very high metallic 
lustre, very similar in appearance to mercury ; thus proving 
that potash, which had hitherto been considered as a simple 
incombustible body, was in fact a metallic oxyd ; and that its 
incombustibility proceeded from its being already combined 
with oxygen. 

Ernih/* I suppose the wires used in this experiment were of 
platina, as they were when you decomposed water; for if of 
iron, the oxygen would have combined with the wire, instead of 
appearing in the form of gas. 

Mr8. B. Certainly : the metal, however, would equally have 
been disengaged. Sir H. Davy has distinguished this new sub- 
stance by the name of potassium, which is derived from that 
of the alkali, from which it is procured. I have some small 
pieces of it in this phial, but you have already seen it, as it is 
the metal which we burnt in contact with sulphur. 

Emily. What is the liquid in which you keep it ? 

Mrs* B. It is naptha, a bituminous liquid, ^vith which I shall 
hereafter make you acquainted. It is almost the only fluid in 
which potassium can be preserved, as it contains no oxygen, 



nn^ this metal has s^ powerful aD attraction for oxygen, th«t 
it wHI not cinly absorb it from the air, bqt likewise from water| 
or any body wliati^ver that contains it. 

.* Emily, This, then, is one of the bodies that oxy dates spoi^ 
latiepusiy without the application of heat ? 

Mri, B* Yes ; and it has this remarks^ble peculiarity, that 

■it attracts oxygen much more rapidly from water than from air; 

)So that when thrown into water, however cold, it actually burst^ 
into flame. I shall now throw a small piece, about the size of 
a pin's head, on this drop of water. 

Caraline, It instantaneously exploded, producing a little flash 

^3of light ] this is, indeed, a most curious substance ! 

^ Mrs, B, By its combustion it is re-converted into potash ; an4 
ns potash is now decidedly a compound body, I shall not enter 
into any of its properties till we have completed our review of 
the simple bodies ; but we mayJiere make a few observations 

^on its basis, potassium. If this substance is left in contact with 
air, it rapidly returns to the state of potash, with a disengage* 
ment of heat, but without any flash of light. 

Emily, But is it not very singular that it should burn bette^r 
in water than in air ? 

Caroline, I do not think so: for if the attraction of potafi- 

' shim for oxygen is so strong that it finds no more difliculty in 
separating it from the hydrogen in water, than in absorbing it 
from the ah*, it will no doubt be more amply and rai>idly sup- 

, plied by water than by air. 

^ Mrs* B* That cannot, however, be precisely the reason, for 

;when potassium is introduced ut^der water, without contact pf 

' ahr, the combustion is not so rapid, and indeed, in that case, 
there is no luminous appearance ; but a violent action takes 
place, much heat is excited, the potash is regenerated, and hy- 
drogen gas is evolved. 

Potassium is so eminently combustible, that instead of requi- 
ring, like other metals, an elevation of temperature, it will lum 

Mapidly in contact with water, even below the frt^zing point. 
This you may witness by throwing a piece on this lump of ice- 
Caroline. It again exploded with flame, and has made a 
deep hole in the ice. • 

Mrs, B. This hole contains a solution of potash ; for the al- 
kali being extremely soluble, disappears in the watt^r at the in- 
stant it is produced. Its presence, however, may he easily asr 

: certained, alkalies having the property of changing paper^ 

.: stained with turmeric, to a red colour ; if you dip one end ©f 

this slip of paper into the hole in the ice you will »^ M ^bap^ 

15* 
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colour, and the same, if you wet it with the drop of water in 
which the first piece of potassium was burnt. 

Caroline. It has indeed changed the paper from yellow to' 
red. 

Mrs^ B, This metal will burn likewise in carbonic add gia> 
a gas that had always been supposed incapable of supporting 
combustion, as we were unacquainted with any substance that 
had a greater attraction for oxygen than carbon. Potasaium^ 
however, readily decomposes this gas, by absorbing its oxy- 
gen, as I shall show you. This retort is filled with carbonic 
acid gas. — I will put a small piece of potassium in it; but for 
this combustion a slight elevation of temperature is required^ 
for which purpose I shall hold the retort over the lamp. 

Caroline. Now it has taken fire, and burns with violence^ 
It has burst the retort 

Mr9. B. Here is the piece of regenerated potash 5 can you 
tell me why it has become so black ? 

Emilys No doubt it is blackened by the carbon, which, when, 
its oxygen entered into combination with the potassium, was 
deposited on its surface. 

Mrs. B. \ou are right. This metal is perfectly fluid at the 
temperature of one hundred degrees; at fifty degrees it is solid, 
but soft and malleable ; at thirty-two degrees it is hard and brit* 
tie, and its fracture exhibits an appearance of confused xrrystaU 
lization. It is scarcely more than half as heavy as water ; its 
specific gravity being about six when water is reckoned at ten ; 
so that this metal is actually lighter than any known fluid, even 
than ether. 

Potassium combines with sulphur and phosphorus, forming 
sulphurets and phosphurets ; it likewise forms alloys with sev- 
erdl metals, and amalgamates with mercury. 

Emily. But can a sufficient quantity of potassium be obtain- 
ed, by means of the Voltaic battery, to admit of all its proper- 
ties and relations to other bodies being satisfactorily ascertain 
cd? 

Mrs. B. Not easily 5 but I must not neglect to inform you 
that a method of obtaining this metal in considerable quanti^ 
ties has since been discovered. Two eminent French chero» 
ists, Thenard and Gay Lussac, stimulated by the triumph 
which SirH. Davy had obtained, attempted to separate potash 
slum from its combination with oxygen, by common chemical 
means, and without the aid of electricity. They caused red 
hot potash in a state of fusion to filter through iron turnings in 
an iron tube, heated to whiteness. Their experiment was 
crowned with the most complete success 5 more potassium wa^ 
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obtained by this single operation, than could have been collect- 
ed in many weeks by the most diligent use of the Voltaic bat- 
tery. 

Emily, In this experiment, I suppose, the oxygen quitted its'^ 
combination with the pota^ssium to unite with the iron turnings ? 

Aflrst B, Exactly so ; and the potassium was thus obtained 
in Its simple state. From that time it has become a most coil- 
venient and powerful instrument of deoxygenation in chemical 
experiments. This important improvement, engrafted on Sur 
H« Davy's previous discoveries, served but to add to his glory, 
since the facts which he had established, when possessed of on- 
ly a few atoms of this curious substance, and the accuracy of 
his analytical statements, were all confirmed when an opportu- 
nity occurred of repeating his experiments upon this substance^ 
which can now be obtained in unlimited quantities. 
. Caroline* What a satisfaction Sir H Davy must have felt, 
when by an effort of genius he succeeded in bringing to light 
and actually giving existence, to these curious bodies, which 
without him might perhaps have ever remained concealed 
from our view i x 

'Mrs, H, The next substance which Sir H. Davy submitted 
to the influence of the Voltaic battery was Soda^ the other fix- 
ed alkali, which yielded to the same powers of decomposition 5 
^*om this alkali too, a metallic substance was obtained, very 
anabgous in its properties to that which had been discovered 
in potash ; Sir H. Davy has called it sodium. It is rather 
heavier than potassumi, though considerably lighter than wa- 
ter; it b not so easily fusible as potassium. 

Encouraged by these extraordinary results, Sir H. Davy 
next performed a series of beautiful experiments on Ammonia^ 
or the volatile alkali, which, from analogy, he wa? led to sus- 
pect might also contain oxygen. This he soon ascertained to 
be the fact, but he has not yet succeeded in obtaining the basis 
of ammonia in a separate state; it is from analogy, and from 
the power which the volatile alkali has, in its gaseous form, to 
oxydate iron, and also from the amalgams which can be obtain- 
ed from ammonia by various processes, that the proofs of that 
alkali being also a metallic oxyd are deduced. 

Thus, then, the three alkalies, two of which had always 
been considered as simple bodies, have now lost all claim to 
that title, and I have accordingly classed the alkalies amongst 
the compounds, whose properties we shall treat of in a future 
conversation. 

Emily, What are the other newly discovered metals which 
you have alluded to in your list of simple bodies F 
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Mrs. B. They are the metals of the earths whrch b^^ime 
next tTie object of Shr H. Davy's researches; these bodies haSS 
never yet been decomposed, thoHgli they were strongly suspect- 
ed not only of being compounds, but of being metallic oxydsr. 
From the circumstance of thehr incombustibility it was coifi^ 
jectured, with some plausibility, that they might possibly We 
bodies that had been already burnt. 

CanUne, And metals, when oxydated, become, to all ap- 
pearance, a kind of earthy substance. 

Mrs. B. They have, besides, several features of resemblafice 
with metallic oxyds ; Sir H. Davy had therefore great reason 
to be sanguine in his expectations of decomposing them, and he 
was not disappointed. He could not, however, succeed in ob- 
taining the basis of the earths in a pure separate state ; but me« 
tallic alloys were formed with other metals, which sufficiently 
proved the existence of the metallic basis of the earths. 

The last class of new metallic bodies which Sir H. Davy 
discovered was obtained from the three undecompounded acids^ 
the boracic, the fluoric, and the muriatic acids; but as you are 
entirely unacquainted with these bodies, I shall reserve the ac^ 
count of their decomposition till we come to treat of their prop- 
erties as acids. 

Thus m the course of'two years, by the unparalleled exen* 
tionsofa single individual, chemical science has assumed a 
new aspect. Bodies have been brought to light which the hu- 
man eye never before beheld, and which might have remained 
eternally concealed under their impenetrable di^uise. - '- 

' It is impossible at the present period to appreciate to tltefr 
full extent the consequences which science or the arts may de- 
rive fVom these discoveries 5 we may, however, anticipate the 
most important results. * ' 

In chemical analysis we are now in possession of more ener- 
getic agents of decomposition than were ever before knovVrtV? ' 

In geology new views are opened, which will probably ope- 
rate a revofution in that obscure and difficult science. It is al- 
ready proved that all the earths, and, in fact, the solid surface 
of this globe, are metallic bodies mineralized by oxygen, and as 
our planet has been calculated to be considerably more dense 
upon the whole than it is on the surface, it is reasonable to sup- 
pose that the interior of the earth is composed of a metallic 
mass, the surface of which onlj^ has been mineralized by the at- 
mosphere. 

The eruptions of volcanos, those stupendous problems of ria- 
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ture, a^mit now of an easy explanation.* For if the bowels of 
the earth are the grand recess of these newly discovered tnflam- 
mable bodies, whenever water penetrates into them, combus- 
tions and explosions must take place ; and it is remarkable that 
the lava which is thrown out, is the very kind of substance 
which might be expected to result from these combustions. 

I must now take my leave of you ; we have had a veyr long 
conversation to-day, and I hope you will be able to recollect 
what you have learnt. At our next interview we shall enter on 
a new subject. 



COxWERSATION XIII. 
ON THE ATTRACTION OF COMPOSITION. 

Mrs. B. Having completed our examination of the simple 
or elementary bodies, we are now to proceed to those of a 
compound nature ; but before we enter on this extensive sub- 
ject, it will be necessary to make you acquainted with the prin- 
cipal laws by which chemical combinations are governed. 

Yoa recollect, I hope, what we formerly said of the joatnre of 
the. attraction of composition, or chemical attraction, or affini- 
ty^ as it is also called ? 

Emily. Yes, I think, perfectly ; It is the attraction that sub- 
sists between bodies of a different nature, which occasions them 
to combme and form a compound, when they come in contact, 
and, according to Sir II. Davy's opinion, this effect is produced 
by the attraction of the opposite electricities, which prevail in 
bodies of different kinds. 

. Mrs. B. Yery well 5 your definition comprehends the first 
law of chemical attraction, which is, that it takes place only 
between bodies of a different nature; as, for instance, between 
. an acid and an alkali ; between oxygen and a metal, &c. 

Caroline. That we understand of course ; for the attraction 

, * It is always easy to form a theory. But an expIaaatioD of these 
" stupendous problems of nature,'' we believe has not yet been de- 
monstrated to the satisfaction of all. though great tearaiog and im- 
mense labor has been besto^^d on the subject. If the *' easy explana- 
tion'' is founded on the dt^ta here proposed, viz. that the solid Burface 
of our globe consists of nothing except metals and oxygea— such a 
theory in the present state of knowledge, mustcbiafly consist oimppo^ 
silion piled on supposition : there being as yet no proof that the crnst 
of the earth is foimed only of these two elements. C. 
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between particles of a similar nature is that of aggregation, or 
cohesion^ which is independent of any rh«5inical power. 

iV/r«. 5. The 2d law of chemieai attraction is, that it tahe% 
flace only between the most minute particles of bodies ; there^^ 
fore, the more you divide the particles of the bodies to be <iom- 
bined, the more readily they act upon each other. 

Calcine. That is again a circumstance which we might have 
supposed, for the finer the particles of the two substances are, 
the more easily and perfectly they will come in coutact with 
each other, which must greatly facilitate theii union. It was 
for this purpose, you said, that you used iron filings, in prefe^ 
cnce to wires or pieces of iron, for the decomposition of water. 

^/r». B, It was once supposed that no mechanical power 
could divide bodies into particles sufficiently minute for them to 
act on each other; and that, in order to produce the extreme 
division requisite for a chemical action, one, if not both of the* 
bodies, should be in a fluid state. There are, however, a few 
instances in which two solid bodies, very finely pulverized, fex- 
ert a chemical action on one another ;* but such exceptions to 
the general rule are very rare indeed. 

Emily, In all the combinations that we have hitherto seen, 
one of the constituents has, I believe, been cither liquid or 
aeriform. In combustions, for instance, the oxygen is taken 
from the atmosphere, in which it existed in the state of gas ;' 
and whenever we have seen acids combine with metals or With 
alkalies, they were either in a liquid or an aeriform state. 

Mrs, B. The 3d law of chemical attraction is, that it can 
Make place between ttvoy three ^ four^ or even d greater number' 
of bodies » 

Caroline. Oxyds and acids are bodies composed of two con- 
stituents ; but 1 recollect no instance of the combination of a 
greater number of principles. 

Mrs, B, The compound salts, formed by the union of the' 
metals with acids, are composed of three principles. And thercf 
are salts formed by the combination of the alkalies with the 
*arths which are of a similar description. 

Caroline, Are they of the same kind as the metalHc salts ? • 

Mrs, B, Yes 5 they are very analogous in their nature, al- ' 
though difierent in many of their properties. 

A methodical nomenclature, similar to that of the acids, has 
been adopter! for the compound salts. Each individual salt de- • 
rives its name from its constituent parts, so thate very name ira* 
plies a knowledge of the composition of the salt. 

* 'I his is the case wilh muriate of ammjoia and quicklime, Q. ', 
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t^he three alkalies, tfie alkaline earths, and the metals, are 
called salifiable bases or radicals; and the acids, salifying 
principles. The name of each salt is composed both of that of 
the acid and the salifiable base ; and it terminates in at or it^ 
according to the degree of the oxygenation of the acid. Thus, 
for instance, all those salts which are formed by the combioa* 
tbn of the sulphuric acid with any of the salifiable bases are 
called sulphats^ and the name of the radical is added for the 
specific distinction of the salt ;'if it be potash, it will compose a 
suipJuU of potash ; if ammonia, sulphat of ammomaj&ic. 

Emily. The crystals which we (4)tained, from the combina- 
tion of iron and sulphuric acid were therefore sulphai of iron f 

Mrs, B. Precisely ; and those which we prepared by dis- 
solving copper in nitric acid, nitrat of copper ^ and so on. — But 
this is^not all : if the salt be formed by that class of acids which 
ends in ousy (which you know indicates a less degree of oxygen^ 
ation,) the termination of the name of the salt will be in if, as 
sulphit of potashySulphit of ammonia, &c. 

Emily, There must be an immense number of compound 
salts, since there is so great a variety of salifiable radicals, as 
well as of salifying principles. 

Mrs, B. Their real number cannot be ascertained, since it 
increases every day. But we must not proceed further in the 
investigation of the compound salts, until we have completed 
the examination of the nature of the ingredients of which they 
are composed. 

The 4th law of chemical attraction is, that a change of tern- 
pereUure always takes place at the moment of ambination. 
This arises from the extrication of the two electricities in thie 
form of caloric, which always occurs when bodies unite ; and 
also sometimes in part from a change of capacity of the bodies 
for heat, which always takes place when the combination is at- 
tended with an increase of density, but more especially when 
the compound passes from the liquid to the solid form. I shall 
now show yoa a striking instance of a change of temperature 
from chemical union, merely by pouring some nitrous acid on 
this small quantity of oil of turpentine — ^the oil will instantly 
combine with the oxygen of the acid, and produce a considera- 
ble change of temperature. 

(ktrolike. What a blaze ! The temperature of the oil and 
the acid must be greatly raisedi indeed, to produce such a vio-* 
lent combustion. 

Mrs, B, There is, however, a peculiarity in this combustioOy 
which is, that the oxygen, instead of beinc derived from the at- 
mosphere alon^, is principally supplied by the acid itself. 
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Emily, And are not all combustions instances of the change 
of temperature produced by the chemical combination of two 
bodies ? 

Mr»* B. Undoubtedly; when oxygen loses its gaseous form, 
in order to combine with a solid body, it becomes condensed, 
and the caloric evolved produces the elevation of temperature. 
The specific gravity of bodies is at the same time altered by 
chemical combination ; for in consequence of a change of capa- 
city for heat, a change of density must be produced. 

Caroline. That was the case with the sulphuric acid and wa- 
ter, which, by being mixqd together, gave out a great deal of 
heat, and increased in density. 

Mrs. B, The 5th law of chemical attraction is, that ^Ae pro- 
perties which characterise bodies, when separate^ are altered 
or destroyed by their combination. 

Caroline. Certainly ; what, for instance, can be so.difierent 
firora M'ater as the hydrogen and oxygen gases ? 

Emily, Or what more unlike sulphat of iron than iron or 
sulphuric acid ? 

Mrs. B. Every chemical combination is an illustration of 
this rule. But let us proceed — 

The 6th law is, that the force of chemicpl affinity between 
the constituents of a body is estimated by that which is require 
edfor their separation. This force is not always proportional 
to the facility with which bodies unite ; for manganese, for in* 
stance, which, you know, is so much disposed to unite with ox- 
ygen that it is n^ver found in a metallic state, yields it more 
easily than any other metal. 

Emily. But, Mrs. B., you speak of estimating the force of at- 
traction between bodies, by the force required to separate them ; 
how can you measure these forces ? 

Jiirs. B. They cannot be precisely measured, but they are 
comparatively ascertained by experiment, and can be represent- 
ed by numbers which express the relative degrees of attraction. 

The 7th law is, that bodies have amongst themselves differ^ 
ent degrees of attraction. Upon this law, (which you may 
have discovered yourselves long since,) the whole science of 
chemistry depends ; for it b by means of the various degrees of 
affinity which bodies have for each other, that all the chemical 
compositions and decompositions are effected. Every chemic- 
al fact or experiment is an instance of the same kind ; and 
whenever the decomposition of a body is performed by the ad- 
dition of any single new substance, it is said to be effected by 
simple elective attractions. But it often happens that no sim- 
ple substance will decompose a body, and that, in order to ef- 
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Spct this, you must ofie^ to the compound a body which is itself 
composed of two, or sometimes three principles, which would 
not, each separately, perform the decomposition. In this case 
there are two new compounds formed in consequence of a re- 
ciprocal decomposition and recom position. All instances of 
this kind are called double elective attractions. 

Caroline. I confess I do not understand this clearly. 

Mrs, B. You will easily comprehend it by the assistance of 
this diagram, in which the reciprocal forces of attraction are 
represented by numbers : 

Original Compound 
Sulphat of Soda. 



Result 
Nitrat < 
•fSoda 



Soda 8 Sulphuric Acid 



7 Dlvelknt ^Attractions 6-13 

3 



Nitric Acid 4 Lime 
12 



Result 

Sulphat 
of Lime 



Original Compound 
Nitrat of Lime. 

We here suppose that we are to decompose sulphat of soda ; 
that is, to separate the acid from the alkali ; if, for this purpose 
we add some lime, in order to make it combine with the acid, 
we shall fail in our attempt, because the soda and the sulphuric 
acid attract each other by a force which is superior, and (by 
way i)f supposition) is represented by the number 8 •, while the 
fime tends to unite with this acid by an afdnity equal only to 
the number 6. It is plain, therefore, that the sulpliat of soda. 
WfU not be decomposed, since a force equal to 8 cannot be over- 
cirme by a force equal only to 6. 

Caroline* So far, this appears very clear. 
Mn* £. If| on the other hand, we eadeayour to decon^ose 
' 16 
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this salt by nitric acid, which tends to combine with soda, we 
shall be equally unsuccessfal, as nitric acid tends to unite with 
the alkali by a force equal only tcv7* 

In neither of these cases of simple elective attraction, there- 
fore, can we accomplish our purpose. But let us previously 
combine together the lime and nitric acid, so as to form a nitrat 
of lime, a compound salt, the constituents of which are united by 
a power equal to 4. If then we present this compound to the 
sulphat of soda, a decomposition will ensue, because the sum of 
the forces which tend to preserve the two salts in their actual 
state is not equal to that of the forces which tend to decompose 
them, and to form new combinations. The nitric acid, there- 
fore, will combine with the soda, and the sulphuric acid with 
the lime.* 

Caroline. I understand you now very well. This double ef- 
fect takes place because the numbers 8 and 4, which represent 
the degrees of attraction of the constituents of the two original 
salts, make a sum less than the numbers 7 and 6, which repre- 
sent the degrees of attraction of the two i^ew compounds that 
will in consequence be formed. 

Mr$f B^f Precisely so. 

Ckirojine. Put what is the meaning of quiescent and div^ 
lent forces, which are written in the diagram ? 

Mrs, B. Quiescent forces are those which tend to preserve 
compounds in a state of rest, or such as they actually are : di- 
veilent forces, those which tend to destroy that state of combi- 
nation, and to form new cdin pounds. 

These are the principal circumstances relative to the doctrine 
of chemical attractions, which have been laid down as rules by 
modern chemists ; a few others might be mentioned respecting 
the same theory, but of les^ importance, and such as would 
take us too for from our pl^n* I should, however, not omit to 
mention that Mr. 0erthollet, 9 celebrated Fremch chemist, has 
questioned the uniform operation of elective attraction, and has 
advanced the opipiori, that, in chemical combinations, the chan- 
ges which take place flepend not only qpon the affinities, but 

• Suppose we say tlms. The sulphuric acid ^^tlracts soda with a 
stronger force than it does /tmc, and soda ht^s a itiooger affinity for tuU 
vhune acid than it has (ornitric acid. It is plain then, that neither 
lime nor nitric acid alqne will decompose the sulphat of* seda. Now 
if we unite the nitric acid and lime, we foroi mtriUe ofHme. But the 
nitric acid hat not so strong an affinity for the linie as it has for soda. 
On mixing the two salts in solution, therefore, tl^e nitric acid quits the 
linoLe, and coiftbiaes with the soda. This leaves the sulphuric acid and 
the lime free and uacombiaed; they then unite and form sulphat of 
Ihsae. C. 
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ulso, in some degree, on the respectlye qunntities of the substan- 
ces concerned, on the heat applied during the process, and 
some other circumstances. 

Caroiine^ In that case, I suppose, there would hardly be 
two compounds exactly similar, though composed of the same 
materials ? 

Mrs. B. On the contrary, it is found that a f^markable Uni- 
formity prevails, as to proportions, between the ingredients of 
bodies of similar composition. Thus water, as you may re- 
collect to have seen in a former conversation, is composed of 
two volumes of hydrogen gas to one of oxygen, and this is al« 
ways found to be precisely the proportion of its conitituents^ 
from whatever source the water be derived. The same uni- 
formity prevails with r^[ard to the various salts ; the acid and 
alkali, in each kind of salt, being always found to combine in 
the same proportion. Sometimes, it is true, the same acid^ and 
the same alkali are capable of making two distinct kinds of 
salts ; but in all these cases it is found that one of the salts con- 
tains just twice, or in some instances, thrice as much acid, or 
alkali, as the Other.' 

Emily. If the proportions in which bodies combine are sO 
constant and so well defined, how can Mr. BerthoUet's remark 
be reconciled with this uniform system of combination ? 

Mrs. B. Great as that philosopher's authority is in chemis- 
try, it is now generally supposed that his doubts on tdis subject 
were in a great degree groundless, and that the exceptions he 

* The student already trnderttan Is, that io chemical combiDations 
the UDion takes plaee only between the particles, or atoms, of sabstan- 
ces. These atoms, it is supposed are indivisible, being the ultimate . 
particlet of which bodies are composed. In chemical combinations, 
then, where substances are capable of uniting in only one proportion, 
this must be atom to atom. Thus oxygen and hydrogen unite only in 
the proportions of 100 of the former to 750 of the latter by weight. 
Here an atom of oxygen unites to an atom of hydrogen to form water ; 
but the atoms of oxygen are seven and an half times header than those 
of hydrogen. 

When substances unite in leyeral proportions, the second and third 
are always multiples of the first. Thus 100 parts of manganese, will 
unite to 14, 28, 42, or 56 of oxygen, but not with any intermediate 
quantity, as with 12, 20, 60, &c. This law of definite proportions, 
so far as is known, holds good, where the resulting compound differs 
widely from either of the substances of which it is composed, as in the 
salts, compound minerals, kc. The theory of definite proportions is 
expLuned by supposing that a substance whicWwe shall call A, unites 
with another substance B, atom to atom, and uiat this forms a certain 
compound. When they unite in the second proportion, two atoms of 
B unite to one of A, and this forms another coinpound, and so on, un» 
til the atoms of A cao unite to no more of B. C. 
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bas obsf rved in'lhe laws of definite proportions, have been on- 
ly apparent^ and may be accounted for consistently with those 
laws. 

Caroline. Pray, Mrs. B., can yon decompose a salt by 

means of electricity, in the same way as we decompose water? 

Mrs. B, Undoubtedly 5 and I am glad this question occurred 

to you, because it gives me an opportunity of showing you 

lOme very interesting experiments on the subject. 

If we dissolve a quantity, however small, of any salt in a 
glass of water, and if we plunge into it the extremities of the 
wires which proceed from the two ends oftheVohaic battery, 
the salt will be gradually decomposed, the acid being attracted 
by the positive, and the alkali by the negative wire. 

Emily, fiuthow can you render that decomposition per- 
ceptible ? 

Mrs, B. By placing in contact with the extremities of each 
Wire, in the solution, pieces of paper stained with certain veget- 
able colours, which are altered by the contact of an acid or an 
alkali. Thus this blue vegetable preparation called litmus be- 
comes red when touched by an acid ; and the juice of violets 
becomes green by the contact of an alkali. 

But the experiment can be made in a much more distinct 
manner, by receiving the extremities of the wires into two dif- 
ferent vessels, so that the alkali shall appear in one vessel and 
the acid in the other. 

Carolina. But then the Voltaic circle will not be completed 5 
how can any effect be produced ? ^ 

Mrs. B. You are right 3 I ought to have added that the two 
vessels must be connected together by some interposed sub- 
stance capable of conducting electricity. A piece of mobtened 
cotton-wick answers this purpose very well. You see that the 
cotton (Plate XIII. fig. 2. c.) has one end immersed in one 
glass and the other end in the other, so as to establish a com- 
munication^ between any fluids contained in them. We shall 
now put into each of the glasses a little glauber salt, or sulphat 
of soda, (which consists of an acid and an alkali,) and then 
we shall fill the glasses with water, which will dissolve the salt. 
Let us now connect the glasses by means of the wires (e^ d,) 
with the two ends of the battery, thus .... 

Caroline. The wires are already giving out small bubbles ', 
is this owing to the decomposition of salt ? 
; jWs. B. No ; thme are bubbles produced by the decompo- 
sition of the water, as you saw in a former experiment. In or- 
der to render the separation of the acid from the alkali visible, 
I Dour into the glass (a,) which is connected with the positive 
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Wire, a few drops of a solution of litmus, which the least quan- 
tity of acid turns red ; and in the other glass (b,) which is con- 
nected with the negative wire, I pour a few drops of the juice 
of violets .... 

Emily. The blue solution is already turning red all round 
the wire. 

Caroline, And the violet solution is beginning to turn green. 
This is indeed very singular ! 

Mr9. B, You will be still more astonished when we vary the 
experiment in this manner : — These three glasses (fig. 3. f, g, 
h,) are, as in the former instance, connected together by wetted 
cotton, but the middle one alone contains a saline solution, the 
two others containing only distilled water, coloured as before 
by vegetable infusions. Yet, on making the connection with 
the battery, the alkali will appear in the negative glass (h,) and 
the acid in the positive glass (f,) though neither of them con-, 
tained anly saline matter. 

Emily. So that the acid and the alkali must be conveyed 
right and left from the central glass, into the other glasses, by 
means of the connecting moistened cotton ? 

Mrs. B. Exactly so ; and you may render the experiment 
still more striking, by putting into the central glass (k, fig. 4.) 
an alkaline solution, the glauber salt being placed into the nega- 
tive glass (1,) and the positive glass (i) containing only water. 
The acid will be attracted by the positive wire (m,) and will 
actually appear in the vessel (i,) after passing through the alka- 
line solution (k,) without combining with it, although, you 
know, acids and alkalies are so much disposed to combine. — 
But this conversation has already much exceeded our usual 
limits, and we cannot enlarge more upon this interesting sub- 
ject at present. ~ 



CONVERSATION XIV, 

ON ALKALIES. 

Mrs* B. Having now given you some idea of the laws by 
which chemical attractions are governed, we may proceed to 
the examination of bodies which are formed in consequence of 
these attractions. 

The first class of compounds that present tbemseWes to our 
notice, in our gradual ascent to the most complicated combina- 
tions, are bodies composed of only two principles. The sul- 

16* 
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phurets, phosphurets^ carburets, &c. are of this description; 
but the most numerous and important of these compounds* are 
the combination of oxygen with the various simple substances 
with which' it has a tendency to unite. Of these you have al- 
ready acquired some knowledge, but it will be necessary to en- 
ter into further particulars respecting the nature and properties 
of those most deserving our notice. Of this class are the ai^ 
KALit s and the earths, which we shall successively examine. 

We shall first take a view of the alkalies, of which there are 
three, viz. potash, soda, and ammonia. The two first arc 
taWed Jixed alkalies j^ because they exist in a solid form at the 
temperature of the atmosphere, and require a great heat to be 
volatilised. They consist, as you already know, of metallic 
bases combined with oxygen. In potash, the proportions are 
about eighty-six parts of potassium to fourteen of oxygen ; and 
in soda, seventy-sieven parts of sodium to twenty-three of oxy- 
gen. The third alkali, ammonia, has been distingubhed by 
the name of volatile oGcali, because its natural form is that of 
gas. Its composition is of a more con^plicated nature, of which 
we shall speak hereafter. 

Some of the earths bear so strong a resemblance in their 
propehies to the alkalies, that it is difficult to know under which 
head to place them. The celebrated French chemist, Four- 
croy, had classed two of them (barytes and strontites) with the 
alkalies; but as lime and magnesia have almost an equal title to 
that rank, I think it better not to separate t1iem, and therefore 
have adopted the common method of classing them with the 
earths, and of distinguishtng them by the name of alkaline 
earths. 

The general properties of alkalies are, an acrid burning 
taste, a pungent smell, and a caustic action on the sk'n and flesh j 

Caroline. I wonder that they should be caustic, Mrs. B., 
3incethey contain so little oxygen. 

Mrs. B, Whatever substance has an affinity for any one of 
the constituents of animal matter, sufficiently powerful to de- 
compose it, is entitled to the appellation of caustic. The alka** 
lies, in their pure state, have a very strong attraction for water^ 
for hydrogen, and for carbon, which, you know, are the con- 

* It has already been stated that a third fixed alkali has lately been 
iiscovered by Mr. Arforedson, which has been called lUhion. It 
was first found in a Swedish mioerai called pettUiie ; but has since 
1»een detected in some other miners is. Though this alkali resembled 
potash and soda in its general properties, yet it is decidedly an alka- 
line substance oi its own, capable of forming different salts with the 
acids, and having in particular the property of combioiog with mQch 
greater proportions of acid than the other alkalies. 
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stituent principles of oil, and it is chiefly by absorbing these 
substances from animal matter that they effect its decomposi- 
lion ; for, when diluted with a sufficient quantity of water, or 
combined with any oily substance, they lose their causticity. 

But, to return to the general properties of alkalies — they 
change, as we have already seen, the colour of syrup of vio- 
lets, and other blue vegetable infusions, to green ; and have, 
in general, a very great tendency to unite with acids, although 
the respective qualities of these two classes of bodies form a 
temarkable contrast. 

We shall examine the result of the combination of acids and 
alkalies more particularly hereafter. It will be ^fficfent at 
present to inform you, that whenever acids are brought in con- 
tact with alkalies, or alkaline earths, they unite with a remark^* 
able eagerness, and form compounds perfectly different from 
either of their constituents ; these bodies are called neutral or 
eompound salts. 

The dry white powder which you see in this phial is pure 
caustic potash; it is very difficult to preserve it in this state, as 
it attracts, with extreme avidity, the moisture from the atmos- 
phere, and if the air were not perfectly excluded, it would, in a 
very short time, be actually melted. 

Emily. It is then, I suppose, always found in a liquid state? 

Mrs. B, No ; it exists in nature in a great variety of forms 
and combinations, but is never found in its pure separate state ; 
it is combined with carbonic acid, with which it exists in every 
part of the vegetable kint'dom, and is most commonly obtained 
from the aslies of vegetables, which are the residue that remains 
after all the other parts have been volatilised by combustion. 

Caroline. But you once said, that after all the volatile parts 
of a vegetable were evaporated, the substance that remained 
was charcoal? 

Mrs. B. I am surprised that you should still confound the 
processes of volatilisation and combustion. In order to pro- 
cure charcoal, we evaporate such parts as can be reduced to va- 
pour by the operation of heat alone ; but when we bum the 
Tegetable, we burn the carbon also, and convert it into carbonic 
acid gas. 

Caroline. That is true ; I hope I shall make no more mis- 
takes in my favourite theory of combustion. 

Mrs. B. Potash derives its name from xhepots in which the 
vegetables, from which it was obtained, used formerly to be 
burnt ; the alkali remained mixed with the ashes at the tK>t- 
tom, and was thence called potash. 

Emily. The ashes of a wood-fire, then, are potash, since 
Aey are vegetable ashes? 
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Mrs. B. They always contain more pr less potash, but ai'e 
very far from consisting of that substance alone, as they are a 
mixture of various earths and salts which remain after the com* 
bustion of vegetables, and from which it is not easy to separate 
the alkali in its pure form. The process by which potash is 
obtained, even in the imperfect state in which it is used in the 
arts, is much more complicated than simple combustion . It 
\ra8 once deemed impossible to separate it entirely from all for- 
eign substances, and it is onl^ in chemical laboratories that il 
18 to be met with in the state of purity in which you find it ia 
this phial. Wood-ashes are, however, valuable for the alkali 
which they contain, and are used for some purposes without 
any further preparation. Purified m a certain degree, they 
make what is commonly called pearl^ish, which is of great ef- 
ficacy in taking out grease, in washing linen, &€. ; for potash 
combines readily with oil or fat^ with which it forms a com- 
pound weH known to you under the name of soap. 

CaroUne. Really ! Then I should think it would be better 
to wash all linen with pearl-ash than with soap, as, in the latter 
case, the alkali being already combined with oil, must be less 
efficacious in extracting grease. 

J^r9, B, Its effect would be too powerful on fine linen, and 
would injure its texture ; pearl-ash is therefore only used for 
that which is of a strong coarse kind. For the same reason 
you cannot wash your hands with plain potash ; but, when 
mixed with oil in the form of soap, it is soft as well as cleansing, 
and is therefore much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, and 
animal fibre, in virtue of its attraction for water and oil, and 
converts all animal matter ioto a kind of saponaceous jelly. 

Emily, Are vegetables the only source from which potash 
•can be derived ? 

Mrs. B. No : for though far most abundant in vegetables, it 
18 by no means confined to that class of bodies, being found al- 
so on the surface of the earth, mixed with various minerals, es- 
pecially with earths and stones, whence it is supposed to be 
conve^/ed into vegetables by the roots of the plant. It is also 
met with, though in very small quantities, in some animal sub- 
stances. The most common state of potash is that of cai^H)' 
nat / I suppose you understand what that is ? 

Emily, I believe so ; though I do not recollect that you ever 
mentioned the word before. If I am not mistaken, it roust be 
a compound salti formed by the union of t:arbonic acid with 
potash. 

Mrs, B, Very true 5 you sec how admirably the nomencla- 
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tare of modern chemistry is adapted to assist the memory ; 
when you hear the name of a compound, you necessarily learn 
what are its constituent parts ; and when you arc acquainted 
with these constituents, you can immediately name the com* 
pound which they form. 

Caroline, Pray, how were bodies arranged and distinguish- 
ed before this nomenclature was introduced ? 

Mrs, B, Chemistry was then a much more difficult study ; 
for every substance had an arbitrary name, which it derived 
either from the person who discovered it, as Glctuber^s salU 
for instance ; or from some other circumstance relative to it, 
though quite unconnected with its real natur«, as potash. 

These names have been retained for some of the siiilj^le bod- 
ies ; for as this class is not numerous, and therefore can easily 
be remembered, it has not been thought necessary to change 
them. 

Emily. Yet I think it would have rendered the new nomen- 
clature more complete to have methodised the names of the el- 
ementary, as well as of the compound bodies, though it could 
not h4ve been done in the same manner. But the names of the 
simple substances might have indicated their nature, or, at least, 
some of their principal properties ; and if, like the acids and 
compound salts, all the simple bodies had a similar termination, 
they would have been immediately known as such. So com- 
plete and regular a nomenclature would, I think, have given a 
clearer and more comprehensive view of chemistry than the 
present, which is a medley of the old and new terms. 

Mrs, B, But you are not aware of the difficulty of introduc- 
ing into science an entire set of new terms ; it obliges all the 
teachers and professors to go to school again, and if some of the 
old names, that are least exceptionable, were not left as an in- 
troduction to the new ones, few people would have had indus* 
tnr and perseverance enough to submit to the study of a com- 
pletely new language; and the inferior classes of artists, who 
can only act from habit and routine, would, at least for a time, 
have felt material inconvenience from a total change of their 
habitual terms. From these considerations, Lavoisier and his 
colleagues, who invented the new nomenclature, thought it most 
prudent to leave a few Hnks of the old chain, in order to con- 
nect it with the new one. Besides, you may easily conceive 
the inconvenience which mi<^ht arise from givmg a regular nom- 
enclature to substances, the simple nature of which b always 
uncertain ; for the new names might, perhaps, have proved to 
have been founded in error. And, indeed, cautious as the ii> 
ventors of the modem chemical language have been, it has al- 
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ready been found necessary to modify it in many respects. In 
those few cases, however, in which new terras have been adopt- 
ed to designate simple bodies, these names have been so con- 
trived as to indicate one of the chief properties of the body in 
question ; this is the case with oxygen, which, as I explained 
to you, signifies geneiator of acids ; and hydrogen generator of 
water. If all the elementary bodies had a similar termination, 
as you propose, it would be necessary to change the name of 
any that might hereafter be found of a compound nature, which 
would be very inconvenient in this age of discovery. 

But to return to the alkalies. — We shall now try to melt 
some of this caustic potash in a little water, as a circumstance 
occurs #iring its solution very worthy of observation. — Do yoa 
feel the heat that is produced ? 

Caroline. Yes, I do ; but is not this directly contrary to our 
theory of latent heat, according to which heat is disengaged 
when fluids become solid, and cold produced when solids are 
meked. 

Mrs. B. The latter is really the case in all solutions ; and if 
the solution of caustic alkalies seems to make an exception to 
the rule, it does not, 1 believe, form any solid objection to tl^e 
theory. The matter may be explained thus : When water first 
comes in contact with the potash, it produces an effect similar 
to the slaking of lime, that is, the water is solidified in combi- 
ning with the potash, and thus loses its latent heat ; this is the 
beat that you now feel, 'and which is, therefore, produced not 
by the melting of the solid, but by the solidification of the fluid. 
But when there is more water than the potash can absorb and 
solidify, the latter then yields to the solvent power of the wa- 
ter 5 and if we do not perceive the cold produced by its melting, 
it is because it is counterbalanced by the heat previously dis- 
engaged.* 

A very remarkable property of potash is the formation of 
glass by its fusion with siliceous earth. You are not yet ac- 
quainted with this last substance, further than its being in the 
list of simple bodies. It is suflicient for the present, that you 
should know that sand and flint are chiefly composed of it ; 
alone, it is infusible, but mixed with potash, it melts when ex- 
posed to the heat of a furnace, combines with the alkali, and 
runs into glass. 

Caroline. Who would ever have supposed that the same sub- 

* This defence of tbe general theory, however plaaaible, is liable to 
some obvious objections. The phenomenon might perhaps be better 
accounted for by supposing that a solution of alkali in water has less 
capacity for beat than either water or alkali in thqir separate state. 
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Stance which converts transpai-ent oil into such an opaque body 
as 50ap, should transform that opaque substance, sand, into 
transparent ^ass ! 

Mrs* B. The transparency, or opacity of bodies, does not, I 
conceive, depend so much upon their intimate nature, as upon 
the arrangement of their particles: we cannot have a more 
striking instance of this, than is afibrded by the different states 
of carbon, which, though it commonly appears in the form of a 
black opaque body, sometimes assumes the most dazzling trans- 
parent form in nature, that of diamond, wl^^ich, you recollect, is 
carbon, and which, in all probability, derives its beautiful trans-* 
parency from the peculiar arrangement of its particles during 
their crystallisation. 

Emily. I never should have supposed that the formation of 
glass was so simple a process as you describe it. 

Mrs, B, It is by no means an easy operation to make perfect 
glass ; for if the sand or flint, from which the siliceous earth is 
obtained, be mixed with any metallic particles, or other sub- 
stance, which cann<^ be vitrified, the glass will be discoloured, 
or defaced, by opaque specks. 

Caroline, That, I suppose, is the reason why objects so of- 
ten appear irregular and distorted through a common glass* 
window. 

Mrs, B, This species of imperfection proceeds, I believe, 
from another cause. It is extremely difficult to prevent the 
lower part of the vessels, in which the materials of glass are 
iiised, from containing a more dense vitreous matter than the 
upper, on account of the heavier ingredients falling to the bot- 
tom. . When thb happens, it occasions the appearance of veins 
or waves in the glass, from the difference of density in its seve- 
ral parts, which produces an irregular refraction of the rays of 
' light which pass through it. 

Another species of imperfection sometimes arises from the 
fusion not being continued for a length of time sufficient to com- 
bine the two ingredients completely, or from the due propor- 
tion of potash and silex Twhich are as two to one) not being 
carefully observed ; the glass, in those cases, will be liable to 
alteration from the action of the air, of salts, and especially of 
acids, which will effect its decompo»tion by combining with 
the potash, and forming compound salts. 

Emily. What an extremely useful substance potash is ! 

Mrs, B. Besides the great importance of potash in the man- 
ufactures of glass and soap, it is of very considerable utility m 
many of the other arts, and in its combinations with several 
Mds, particulariy the nitric, with which it forms saltpetri!. 
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CaroUne. Then sabpetr e must be a luirat of potash 9 But 
we are not yet acquainted with the nitric acid ? 

Mrg. B, We shall therefore defer entering into the particu- 
lars of these combinations till we come to a general review of 
the compound salts. In order to avoid confusion, it will be bet*^ 
ter at present to confine ourselves to the alkalies. 

Emily. Cannot you show us the change of colour which you 
said the alkalies produced on blue vegetable infusions ? 

Mrs, B, Yeff, very easily, I shall dip a piece of white pa- 
per into this syrup of violets, which, you see, is of a deep blue, 
and dyes the paper of the same colour. — As soon as it is dry, 
we shall dip it into a solution of potash, which, though itself 
colourless, will turn the paper green — * 

Caroline. So it has, indeed! And do the other alkalies pro- 
duce a similar eflect ? ' 

AJrs, B. Exactly the same. — ^We may now proceed to soda, 
which, however important, will detain us but a very short time i 
as in all its general properties it very strongly resembles pot- 
ash ; indeed, so great is their similitude, that they have been 
long confounded, and they can now scarcely be distinguished, 
except by the difference of the salts which they form with acids. 

The great source of this alkali is the sea, where, combined 
with a peculiar acid, it forms the salt with which the waters of 
the ocean are so strongly impregnated. 

Emily. Is not that the common table salt ? 

Mrs. B. Th^ very same ; but again we must postpone en- 
tering into the particulars of this interesting combination, till 
we treat of the neutral salts. Soda may be obtained from com- 
mon salt ; but the easiest and most usual method of procuring 
it is by the combustion of marine plants, an operation perfectly 
analogous to that by which potash is obtained from vegetables. 

Emily. From what does soda derive its name ? 

Mrs. B. From a plant called by us soda^ and by the Arabs 
kalij which affords it in great abundance. Kali has, indeed, gi- 
ven its name to the alkalies in general. 

Caroline. Does soda form glass and soap in' the same man- 
ner as potash ? 

• A very pretty experiment oq the change of colours may be made 
as follow? : Make a tincture, hy pouring boiling water on red cab- 
ba^ and let it stand a wtiile. Put it into a vial. '1 he colour will be 
purple. Take two wine glasses, and into one put a few drop» of sul- 
phuric acid, and into the other the same quantity of a strong solutfon 
of potash. So little of either will do, that the glasses may he inverted 
for a moment. Then pour the tincture into each, and the one contain- 
ing thif acid will appear a most beautiful red, and the other as beauti-^ 
fulagreen. C. 
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JUiry. B. Yes, it does ; it is of equal importance in the arts, 
and is even preferred to potash for some purposes; but you 
will not be able to distinguish their properties till we examine 
the compound salts which they form with acids ; we must 
therefore leave soda for the present, and proceed .to ammonia 

or the VOLATILE ALKALI. 

Emily. I long to hear something of this alkali ; is it not of 
the same nature as hartshorn ? 

AJrs. B. Yes it is, as you will see by-and-bye. This alkali 
is seldom found in nature in its pure state ; it is most eommonlj^ 
extracted from a compound salt, called sal ammoniqic^ which was 
formerly imported from Ammonia^ a region of Libya, from 
which both these salts and the alkali derive their names. The 
crystals contained in this bottle are specimens of this salt, 
which consist of a combination of ammonia and muriatic acid. 

Caroline. Then it should be called muriatic of ammoma ; 
for though I am ignorant what muriatic acid is, yet I know that 
its combination with ammonia cannot but be so called ; and I 
am surprised to see sal ammoniac inscribed on the label. 

Mr8. B- That is the name by which it has been so long 
known, that the modem chemists have not yet succeeded in 
banishing it altogether ; and it is still sold under that name by 
druggists, though by scieftific chemists it is more properly caU« 
ed muriat of ammonia. 

Caroline. Both the popular and the common name should 
be inscribed op labels — this would soon introduce the new no« 
ipenclature. 

Emily. By what means can the ammonia be separated from 
the muriatic acid ? 

Mrs. B. By chemical attraction ; .but this, operation is too 
complicated for you to understand, till you are better acquaint* 
ed with the agency of affinities. 

Emily. And when extracted from the salt, what kind of sub- 
stance is ammonia ? 

Mrs. B. Its natural form, at the temperature of the atmos* 
phere, when free from combination, is that of gas ; and in this 
state it is called a^T^momara/^O^. But it mixes very readily 
with water, and can be thus obtained in a liquid form. 

Caroline. You said that ammonia was more complicated in 
its composition than the other alkalies ; pray of what principles 
does it consist ? 

Mrs. H. It was discovered a few years since, by Bertholl«t,% 

celebrated French chemist, that it consisted of about one part 

of hydrogen to four parjs of nitrogen. Having heated ammo- 

fMUcal g^ qnder # receivctri by causing the electrical spark to 

^ IT 
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pass repeatedly through it, he found that it increased consider- 
ably in bulk, lo&t all its alkaline properties, and was actually 
converted into hydrogen;and nitrogen gases ; and from the latest 
and most accurate experiments, the proportions appear to be^ 
one volume ^«f nitrogen gas to three of oocygen gas,* 

Caroline. Ammonia, therefore, has not^like the two other 
alkalies, a metallic basis ? ; 

Mrs. B. It is believed that it has, though it is extremely dif- 
ficult to reconcile that idea with what 1 have just stated of its 
chemical nature. But the fact is, that although this supposed 
metallic basis of ammonia has never been obtained distinct and 
separate, yet both Professor Berzeliiis, of Stockholm, and Sir 
H. Davy, have succeeded in forming a combination of mercu- 
ry with the basis of ammonia, which has so much the appear^ 
ance of an amalgam, that it strongly corroborates the idea of 
ammonia having a metallic basb.t But these theoretical points 
are full of difficulties and doubts, and it would be useless to 
dwell any longer upon them. 

Let us therefore return to the properties of volatile alkalii 
Ammoniacal gas is considerably lighter than oxygen gas, and 
only about half the weight of atmospherical air« It possesses 
most of the properties of the fixed alkalies ; but cannot be of so 
much use in the arts on account of ift volatile nature. It is, 
therefore, never employed in the manufacture of glass, but it 
forms soap with oils equally as well as potksh and soda y it rer 
sembles them likewise in its strong attraction for water ; for 
which reason it can be collected in a receiver over mercury 
only. 

Caroline. I do not understand this ? 

Mrs, ii. D® y©u recellect the method which we used to col- 
lect gases in a glass receiver over water ? 

Caroline. Perfectly. 

A^rs. ij. Ammoniacal gas has so strong a tendency to unite 
with water, that, instead of passing through that fluid, it would be 
instantaneously absorbed by it. We can therefore neither use 
water for that purpose, nor any other liquid of which water is 
a component part ; so that, in order to collect this gas, we are 

- ^ ♦ It ought to be hydrogen gas, C. 

t 't his amalgam is easily obtained, by placing a globule of mercury 
upon a piece of muriat, or carbooat of ammonia, and electrifying this 
globule by the Voltaic battery. 'I'he globule instantly begins to ex- 
pand to three or four times its former size, and becomes much less 
fluid, thoug:h without losing its metallic lustre, a change which is as- 
cribed to the metallic basis of ammonia uniting with the mercury:^ 
This is an extfemelj curiousexperimei^t. 
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obliged to have recourse to mercury, (a liquid which has no ac* 
tion upon it,) and a mercurial bath is used instead of a water 
bath, such as w^ employed on former occasions. Water im- 
pregnated with this gas is nothing more than the fluid which 
you mentioned at the beginning of the conversation — hartshorn j 
it i& the ammoniacal gas escaping from the water which gives it 
60 powerful a smell.* 

Emily, But there is no appearance of effervescence in harts- 
horn. 

Mrs. B, Because the particles of gas that rise from the wa- 
ter are too subtle and minute for their effect to be visible. 

Water diminishes in density , by being impregnated with 
fttnmoniacal gas ; and this augmentation of bulk increases its 
capacity for caloric. 

Emily. In making hartshorn, then, or impregnating water 
with ammonia, heat must be absorbed, and cold produced ? 

Mrs. B. That eflect would take place if it was not counter- 
acted by another circumstance ; the gas is liquefied by incorpo- 
rating with the water, and gives out its latent heat. The con- 
densation of the gas more than counterbalances the expansion 
of the water ; therefore, upon the whole, heat is produced. — But 
if you dissolve ammoniacal gas with ice or snow, cold is produ- 
ced. — Can you account for that ? 

Emily. The gas, in being condensed into a liquid, must give 
out heat ^ and, on the other hand, the snow or ice, in being 
nurefied into a liquid, must absorb heat ; so that, between the 
opposite effects, I should have supposed the original tempera- 
ture would have been preserved. 

Jlfr«. B, But you have' forgotten to take into the account the 

** To obtain ammoniacal gas, mix together equal parts of muriate 
of ammonia, and dry burnt lime ; af er pulverizing each separately, 
rub them together in a mortar ; put them into a retort and apply the 
beat of a lamp. Or, the common spirit of sal. ammoniac may be heat- 
ed in a retort in the same way. To collect and retain.lbe gas without 
a mercurial bath, fix a receive^ or bottle in an inverted position, and 
connect to the retort a tube, which introduce up into the receiver so 
that it nearly reaches the bottom. As the gas comes over, its levity 
is such, that it fills the upper part of the receiver first, gradually driv- 
ing out the air, and taking its place. To keep it for any considerable 
time, the receiver must be stopped. A pretty experiment may be 
made by introducing up into the receiver with the ammonia, some mw 
riatic gas. Both gases are iovissible until they arc brought together, 
when they unite, forming a dense white cloud, and fall down ia the 
solid form of muriate of ammonia. The muriatic gas is obtained by 
pouring sulphuric acid on common salt, and applying the heat of a 
lamp. It may be sent up into the receiver ia the way above ilescribed 
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rarefaction of the water (or melted ice) by the impregnatioo oi 
the gas ; and this is the cause of the cold which is uhituately 
produced. 

Ckiroline. Is the sai volatile (the smell of which so strongly 
resembles hartshorn) likewise a preparation of ammonia ? 

Mrs. B. It is carbonat of ammonia dissolved in water ; and 
which, in its concrete state, is commonly called salts of harts- 
horn. Ammonia is caustic, like tho fixed alkalies, as you may 
judge by the pungeat effects of hartshorn, which cannot be ta- 
ken internally, nor applied to delicate external parts, without 
being plentifully diluted with water. — Oil and acids are very 
excellent antidotes for alkaline poisons ; can you guess why ? 

Caroline. Perhaps, because the oil combines with the alkal)^ 
and forms soap, and thus destroys its caustic properties ; and 
the acid converts it into a compound salt, which, I suppose, is 
not so pernicious as caystic alkali. 
Mrs. B. Precisely so. 

Ammoniacal gas, if it be mixed with atmospherical air, and 
a burning taper repeatedly plunged into it, will burn with a 
large flame of a pecular yellow colour. 

Emily. But pray tell me, can ammonia be procured from 
this Lybian salt only ? 

Mrs. B. So far from it, that it is contained in, and may be 
extracted from, all animal substances whatever. Hydrc^en 
and nitrogen are two of the chief constituents of animal matter; 
it is therefore not surprising that they should occasionally meet 
-and combine in those proportions that compose ammonia. But 
this alkali is more frequently generated by the spontaneous de* 
composition of animal substances ; the hydrogen and nitrogen 
gases that arise from putrified bodies combine, and form the 
Yolatile alkali. 

Muriat of ammonia, instead of being exclusively brought 
from Lybia, as it originally was, is now chiefly prepared in Eu- 
rope, by chemical processes. Ammonia, although principally 
extracted from this salt, can also 1^ produced by a great varie- 
ty of other substances. The horns of cattle, especially those of 
deer, yield it in abundance, and it is from this circumstance that 
a solution of ammonia in water has been called hartshorn. It 
may likewise be procured from wool, flesh and bones ; in a 
word, any animal substance whatever yields it by decomposi- 
tion. 

We shall now lay aside the alkalies, however important the 
subject may be, till we treat of their combination with acids. 
The next time we meet we shall examine the earths. 
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CONVERSATION XV. 

ON EARTHS. 

t- Mrs, B, The earths^ which we are to-day to examine, are 
fiiae in number : 

SILEX, STRONTITES,* 

ALUMINE, YTTRIA, 

BAJIVTES,* GLUCrNA, 

LIME,* ZIRGONIA. 
MAGNESIA * 

The last three are of late discovery; their properties are but 
imperfectly known; and, as they have not yet been applied to 
use, it will be unnecessary to enter into any particulars respecting 
them ; we shall confine our remarks, therefore to the first five. 
They are composed, as you have already learnt, of a metallic 
basis combined with oxygen 9 and, from this circumstance, are 
incombustible. 

Caroline. Yet I have seen turf burnt in the country, and it 
snakes an excellent fire ; the earth becomes red hot, and produ* 
ces a very great quantity of heat. 

Mrs, B. It is not the earth that bums, my dear, but the roots, 
grass, and other remnants of vegetables that are intermixed 
with it. The caloric, which is produced by the combustion of 
these substances, makes the earth red hot, and this being a bad 
conductor of heat, retains its caloric a long time ; but were you 
to examine it when cooled, you would find that it had not ab- 
sorbed one particle of oxygen, nor suffered any alteration from 
the fire. Earth is, however, from the circumstance just men- 
tioned, an excellent radiator # heat, and owes its utility, when 
mixed with fuel, solely to that property. It is in this point of 
view that Count Rumford has recommended balls of incombus- 

* There is less evideoce that these four earths a e composed of 
metallic bases than there is in the case of ammonia, which it will be 
remembered Mjas supposed io have formed an amal|?am Vf,\ih mercury, 
and on this account was supposed to have had a metallic basis. Of 
the other earths, no one except Dr. Clarke of Cambrid^p, Eng. has 
pretended to offer any but conjectural evidence of their metallic nature. 
•J his gentleman, on subjecting them to the heat of the blow-pipe, charg- 
ed with oxygen and hydrogen, was led to believe he had obtained 
their metallic hases. But as his experiments have been repeated at 
the Royal Institution without success, it it now underitood that the Pr* 
ouist have been mistaken. C. 
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tible substances to be arranged in fire-places, and mixed wictf 
the coais, by which means the caloric disengaged by the com* 
bustion of the latter is more perfectly reflected into the room, 
and an expense of fuel is saved. 

Emily. I expected that the list of earths would be much 
more considerable. When I think of the great variety of soils, 
I am astonished that there is not a greater number of earths^to 
Ibrm them. 

Mrs. B. You might indeed, almost confine that number to 
four; for barytes, strontites, and the others of late discovery, 
act but so small a part in this great theatre, that they cannot be 
reckoned as essential to the general formation of the globe. 
And you must not confine your idea of earths to the formation 
of soil ; for rock, marble, chalk, slate, sand, flint, and all kinds 
of stones, from the precious jewels to the commonest pebbles ; 
in a word, all the immense variety of mineral products may be 
referred to some of these earths, either in a simple state, or com- 
bined the one with the other, or blended with other ingredients. 

Caroline. Precious stones composed of earth ! That seems 
very diflicult to conceive. 

Emily. Is it more extraordinary than that the most precious 
of all jewels, diamond, should be composed of carbon ? But di- 
amond forms an exception, Mrs. B. ; for, though a stone, it is 
not composed of earth. 

Mrs. B, I did not specify the exception, as I knew you were 
so well a quainted with it. Besides, I would call a diamond a 
mineral rather than a stone, as the latter term always implies 
the presence of some earth. 

Caroline. I cannot conceive how such coarse materials can 
be converted into such beautiful productions. 

Mrs. B. We are very far from understanding all the secrft 
resources of nature ; but I do not think the spontaneous forma- 
tion of the crystals, which we cml precious stones, one o( the 
most difficult phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradually dissolved by water, and as 
gradually deposited by their solvent in the undisturbed process 
of crystallisation. The regular arrangement of their particles^ 
* during their re-union in a solid mass, gives them that brilliancy, 
transparency, and beauty, for which they are so much admired ; 
and renders them in appearance so totally diflerent from their 
rude and primitive ingredients. 

Caroline. But how does it happen that they are spontane- 
ously dissolved, and afterwards crystallised r 

J^ra.B. The scarcity of many kinds of crystaU| as rubies, 
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emeralds, topazes, &c. shows that their formation is not an ope* 
ration very easily carried on in nature. But cannot you ima- 
gine that when water, holding in solution some particles of earth, 
filters through the crevices of hills or mountains, and at length 
dribbles into some cavern, each successive drop ftay be slowly 
evaporated, leaving behind it the particle of earth which it held 
in solution? You know that crystallisation is more regular and 
perfect, in proportion as the evaporation of the solvent is slow 
and uniform; nature, therefore, who knows no limit of tirae^ 
has, in all works of this kind, an infinite advantage over any 
artist who attempts to imitate such productions. 

Emily. Lean now conceive that the arrangement of the par^ 
tides of earth, during crystallisation, may be such as to occa- 
sion transparency, by admitting a free passage to the rays of 
light ; but 1 cannot understand why crystallised earths should 
assume such beautiful colours as most of them do. Sapphire, 
for instance, is of a celestial blue 5 ruby, a deep red 5 topaz, a 
brilliant yellow ? 
Mrs. B. Nothing is more simple than to suppose that the ar- 
^ rangement of their particles is such, as to transmit some of the 
coloured rays of light, and to reflect others, in which case the 
stone must appear of the colour of the rays which it reflects. 
But besides, it frequently happens that the colour of a stone is 
owing to a mixture of some metallic matter. 

Caroline. Pray, are the difierent kinds of precious stonef 
each composed of one individual earth, or are they formed of a 
.combination of several earths ? 

Mrs. B. A great variety of materials enters into the compo- 
sition of most of thehi; not only several earths, but sometimes 
salts and metals. The earths, however, in their simple st^ite, 
' frequently form very beautiful crystals j and, indeed, it is la 
that state only that they can be obtained perfectly pure. 

Emily* is not the Derbyshire spar produced by the crystalli- - 
sation of earths, in the way you have just explained ? I have 
been in some of the subterraneous caverns where it is found, 
which are similar to those you have described. 

Mrs. B. Yes 5 but this spar is a very imperfect specimen of 
crystallisation ;* it consists of a variety of ingredients confused- 
ly bleded together, as you may judge by its opacity, and by the 
various colours and appearances which it exhibits. 

But, in examining the earths in their most perfect and agree- 

* The Derbyshire spar is composed of lime ^nA fluoric acid : hence^ 
it la called flttate of lirne. The colours are owing to intermixture with 
metallic oxides. It is a very \heautiful mineral, and instead of being 
opake it is generally translucent, or nearly transparent. C. 
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able form, we must not lose sight of that state in which they 
are commonly found, and which, if less pleasing to the eye, is 
far more interesting by its utility. 

All the earths are more or less endowed with alkaline prop** 
erties ; but tlftre are four, barytes, magnesia, lime, and stron* 
tites, which are called alkaUne earths^ because they posset 
those qualities in so great a degree, as to entitle them, in most 
respects, to the rank of alkalies. They combine and form 
compound salts with acids, in the same way as alkalies 5 they 
are, like them, susceptible of a considerable degree of causticity, 
and are acted upon in a similar manner by chemical tests. — The 
remaining earths, silex and aiumine, with one or two others of 
late discovery, are in some degree more earthy, that is to say, 
they possess more completely the properties common to all the 
earths, which are, insipidity, dryness, unaiterableness in the 
fire, infusibility, &c» 

Caroline, Yet, did you not tell us that silex, or siliceous 
earth, when mixed with an alkali, was fusible, and run into 
glass .'* 

Mrs, B. Yes, my dear 5 but the characteristic properties of 
earths, which I have mentioned, are to be considered as belong- 
ing to them in a state of purity only ; a state in which they are 
very seldom t6 be met with in nature. — Besides these general 
properties, each earth has its ow« specific characters, by which 
it is distinguished from any other substance. — Let us therefore 
review them separately. 

SiLKX, or SILICA, abounds in flint, sand, sand-stone, agate, 
jasper, &c. 5 it forms the basis of many precious stones, and 
particularly of those which strike fire with steel. It is rough 
to the touch, scratches and wears away metals ; it is acted up- 
on by no acid but the fluoric, and is not soluble in water by 
any known process 5 but nature certainly dissolves it by means 
with which we are unacquainted, and thus produces a variety 
of siliceous crystals, and amongst these rock crystalj which is 
the purest specimen of this earth. Silex appears to htive been 
„ intended by Providence to form the solid basis of the globe, to 
serve as a foundation for the original mountains, and give them 
that hardness and durability which has enabled them to resist 
the various revolutions which the surface of the earth has suc- 
i:essively undergone. From these mountains siliceous rocks 
have, during the course of ages, been gradually detaclied by 
torrents of water, and brought down in fragments ; these, in 
rtie violence and rapidity of their descent, are sometimes crum- 
bled to sand, and in this state form the beds of rivers and of 
the sea, chiefly composed of siliceous materials. Sometim«i 
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ibe ^gments are broken without being pulverised by their 
fall, and assume the form of pebbles, which gradually become 
rounded and polished. 

Emily, Pray what is the true colour of silex, which forms 
such a variety of difierent coloured substances ? Sand is brown^ 
flint is nearly black, and precious stones are of all colours. 

Mrs, B. Pure silex, such as is found only in the chemist's la- 
boratory, is perfectly white, and the various colours which it 
assumes, in the different substances you have just mentioned, 
proceed from the different ingredients with which it is mixed ia 
them. 

Caroline. I wonder that silex is not more valuable, since it 
forms the basis of so many precious stones.* 

Mrs. B. You must not forget that the value we set upon pre- 
cious stones depends in a great measure upon the scarcity with 
which nature affords them ; for, were those f4i>ductions either 
common or perfectly imitable by art, they would no longerj 
notwithstanding their beauty, be so highly esteemed. But the 
real value of siliceous earth, in many of the most useful arts, is 
very extensive. Mixed with clay, it forms the basis of all the 
various kinds of earthern ware, from the most common uten* 
sils to the most refined ornaments. 

Emily. And we must recollect its importance to the forma- 
tion of glass with potash. / 
Mrs. B. Nor should we omit to mention, likewise, many 
other important uses of silex, such as being the chief ingredi- 
ent of some of the most durable cements, of mortar, &c. 

I said before that siliceous earth combined with no acid but 
the fluoric ; it is for this reason that glass is liable to be attack- 
ed by that acid only, which, from its strong affinity for silex, 
forces that substance from its combination with the potash, and 
thus destroys the glass. 

We will now hasten to proceed to the other earths, for I am 
rather apprehensive of your growing weary of this part of our 
subject. 

Caroline. I confess that the history of the earths is not quite 
so entertaining as that of the simple substances. 

Mrs. B. Perhaps not ; but it is absolutely indispensable that 
you should know something of them ; for they form the basis 
of so many interesting and important compounds, that their 
total omission would throw great obscurity on our general out- 

* The bases of some of the most costly gems, as sapphire, ruby and 
topaz, are alumine. C. 
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line of chemical science. We shall, however, review them in 
as cursory a manner as the subject can admit of. 

Alumine derhres its name from a compound salt called alunif 
of which it forms the basis. 

Caroline, But it ought to be just the contrary, Mrs* B. ; the 
simple body should give, instead of taking, its name from the 
compound. 

Mrs. B. That is true ; but as the compound salt was known 
long before its basis was discovered, it was very natural that 
when the earth was at length separated from the acid, it should 
derive its name from the compound from which it was obtain- 
ed. However, to remove your scruples, we will call the salt 
according to the new nomenclature, sulphat ofahimine. From 
this combination, alumine may be obtained in its pure state ; it 
is then soft to the touch, makes^ paste with water, and hardens 
in the fire. Infiature, it is found chiefly in clay, which con- 
tains a considerable proportion of this earth ; it is very abun- 
dant in fuller's earth, slate, and a variety of other mineral pro- 
ductions. There is indeed scarcely any mineral substance more 
useful to mankind than alumine. In the state of clay, it forms 
large strata of the earth, gives consistency to the soil of valleys, 
and of all low and damp spots, such as swamps and marshes. 
The beds of lakes, ponds,^ and springs, are almost entirely 
of clay 5 instead of allowing of the fihration of water, as sand 
does, it forms an impenetrable bottom, and by (his means 
water is accumulated in the caverns of the earth, producing 
those reservoirs whence springs issue, and spout out at the sur- 
fece. 

Emily, I always thought that these subterraneous reservoirs 
of water were bedded by some bard stone, or rock, which the 
water could not penetrate. 

Mrs, B. That is not the case ; for in the course of time wa- 
ter would penetrate, or wear away silex, or any other kind of 
stone, while it is effectually stopped by, clay, or alumine. 

The solid compact soils, Such as are fit for corn, owe their 
consistence in a great measure to alumine ; this earth is there- 
fore used to improve sandy or chalky soils, which do not retain 
a sufficient quantity of water for the purpose of vegetation. 

Alumine is the most essential ingredient in all potteries. It 
enters into the composition of brick, as well as that of the finest 
porcelain : the addition of silex and water hardens it, renders 
it susceptible of a degree of vitrification, and makes it perfectly 
fit for its various purposes. 

Carnline, I can scarcely conceive that brick and china should 
be made of the same materiab^^ 
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Mrs. B. Brick consists almost entirely of baked clay ; but 
a certain proportion of silex is essential to the formation of 
eartben or stone ware. In common potteries sand is used for 
that purpose ; a more pure silex is,* I believe, necessary for 
the composition of porcelain, as well as a finer kind of clay ; 
and tbese materials are, no doubt, more carefully preparedy^ 
and curiously wrought, in the one case than in the other. Por- 
celain owes its beautiful semi-transparency to a commencement 
of vitrification. 

Emili/, But the commonest earthen-ware, though not trans« 
parent, is covered with a kind of glazing. 

Mrs.B. That precaution is equally necessary for use as for 
beauty, as the ware would be liable to be spoiled and corroded 
by a variety of substances, if not covered with a coating of this 
kind. In porcelain it consists of enamel, which is a fine white 
opaque glass, formed of metallic oxyds, sand, salts, and such 
other materials as are susceptible of vitrification. The gla- 
zing of common earthen-ware is made chiefly of oxyd of lead, 
or sometimes merely of salt, which,, when thinly spread over 
earthen vessels, will, at a certain heat, run into opaque glass. 

CartMne. And of what nature are the colours which are us- 
ed for painting porcelain ? 

Mrs. B. They are all composed of metallic oxyds, so that 
these colours., instead of receiving injury from the application 
of fire, are strengthened and developed by its action, which 
causes them to undergo difierent degrees of oxydation. 

Alumine and silex are not only often combined by art, but 
they have in nature a very strong tendency to unite, and are 
found combined, in. difi*erent proportions, in various gems and 
other minerals. Indeed, many of the precious stones, such as 
ruby, oriental sapphire, amethyst,! &c. consist chiefly of gj- 
umine. 

We may now proceed to the alkaline earths. I shall say 
but a few words on barytks, as it is hardly ever used, except 
in chemical laboratories. It is remarkable for its great weight, 
and its strong alkaline properties, such as destroying animal 
substances, turning green some blue vegetable colours, and 
showing a powerful attraction for acids ; this last property it 
possesses to such a degree, particularly with regard to the sul- 
phuric acid, that it will always detect its presence in any sub- 

* Porcelain clay, of which china ware is made, is found among gra- 
nite rocks, and seems to owe its origin to the decomposition of a min- .- 
era! ctdled feldspar. Its composition is* silex and ahimine, siiex being 
the predominant in^^edient. C. ^ 

t The amethyst is ahnost entirely composed^of wfex. C. 
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stal^ce or combination whateTer, by immediately unidiig with 
it, and forming a sulphat of barytes. This renders it a very 
valuable chemical test. It is found pretty abundantly in na- 
ture in the state of carbonat/ from which the pure earth can 
be easily separated. 

The next earth we have to consider is lime. This is a tob- 
stance of too great and general importance to be passed ovef 
so slightly as the last. 

Lime is strongly alkaline. In nature it is not met with in its 
simple state, as its affinity for water and carbonic acid is so 
great, tliat it is always found combined with these substances, 
with which it forms the common lime-stone^ but it is separated 
in the kiln from these ingredients, which are volatilised when- 
ever a sufficient degree of heat is applied. 

Emily. Pure lime, then, is nothing but lime-stone, which has 
been deprived, in the kiln, of its water and carbonic acid ? 

Mrs, H, Precisely : in this state it is called quick-lime, and 
it is so caustic, that it is capable of decomposing the dead bo- 
dies of animals very rapidly, without their undergoing the pro- 
cess of putrefaction. — I have here some quick-lime, which is 
kept carefully corked up in a bottle, to prevent the access of 
air ; for were it all exposed to the atmosphere, it would absorb 
both moisture and carbonic acid gas from it, and be soon slaked. 
Here is also some lime-stone — we shall pour a little water om 
each, and observe the effects that result from it. 

CaroliTie. How the quick-lime hisses ! It is become excess 
sively hot ! — It swells, and now it bursts and crumbles to pow- 
der, while the water appears to produce no kind of alteration 
on the lime-stone. 

Mrs. li. Because the lime-stone is already saturated with 
water, whilst the quick-lime, which has been deprived of it 
in the kiln, combines with it with very great avidity, and 
produces this prodigious disengagement of heat, the cause (^. 
which I formerly explained to you ; do you recollect it? 

Emify, Yes ; you said that the heat did not proceed from 
tiie lime, but from the water which was solidified^ and thus 
parted with its heat of liquidity. 

Mrs. B. Very well. If we continue to add successive quan- 
ties of water to the lime after being slaked and crumbled as you 
$ee, it will then gradually be diffiised in the water, till it will at 
length be dissolved in it, and entirely disappear \ but for this 

* The native carboncUt of baiytes is a rare mioeral. It is a virulenl 
poigQM. The stUphaU of barjrtes is found in considerable abnodance. 

# 



l^urposeit requires too less than 700 times 'tis weight of water. 
This solution is called lime water.* 

CaroUne. How very small, then, is the proportion of lime 
dissolved ! 

J[lr8. B, Barytes is still of more diffiailt solution ; it dis* 
soKes only in 900 times its weig^ht of water ; but it is much 
more soluble in the state of crystals. The liquid contained in 
this bottle is lime-water ; it is often used as a medicine, chiefly, 
I believe, for the purpose of combining with, and neutralising, 
the superabundant acid which it meets with in the stomach. 
. hmily. I am surprised that it is so perfectly clear 5 it does 
not at all partake of the whiteness of the lime. 

Mrs. B. Have you forgotten that, in solutions, the solid bo- 
dy is so minutely subdivided by the fluid as to become mvisi- 
ble, and therefore will not in the least degree impair the trans- 
parency of the solvent? 

I said that the attraction of lime for carbonic acid was so 
strong, that it would absorb it from the atmosphere. We may 
see this effect by exposing a glass of lime-water to the air; the 
lime will then separate from the water, combine with the cat- 
bonic acid, and re-appear on the surface in the form of a white 
fiiin, which is carbonatof lime, commonly called chalk, 

Caroline. Chalk is, then, a compound salt ! 1 never should 
have supposed that those immense beds of chalk, that we see 
in many parts of the country, were a salt. — Now, the white fllm 
begins to appear on the surface of the w cite r ; but it is far from 
resembling hard solid chalk. 

Mrs. B. That is owing to its state of extreme division ; in a 
Uttk ti(ue it will collect into a more compact mass, and subside 
at the bottom of the glass. 

If you breathe into lime-water, the carbonic acid, which is 
mixed with the air that you expire, will produce the same ef- 
feet. It is an oTperiment very easily made ; — I sliall pouK 
some lime-water into this glass tube, and, by breathing repeat- 
edly into it^you will soon perceive a precipitation of chalk — 

Emiltf. I see already a small white cloud formed. 

Mrs, B, It is composed of minute partich^s of chalk ; at pres- 
ent it floats in the water, but it will soon subside. 
. Carbonat of lime, or ijhalk, you see, is insoluble in water^ 
smce the lime which was dissolved re-appears when converted 

* To make Hm« water, take a piece of well burned Hme about the 
size of a heu's a^^^ put it into an earthen dish, and sprinkle water oa 
it, till it falls ittto powder : Then pour on two quarts of boiling water, 
and stir it several timcs^ after the lime had settled ; pour off the clear 
water and cork it up for use. C. 
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iato chalk ; i>ut you must take notice of a very singular cincimip 
stance, which is, that chalk is soluble in water impregnated witb 
carbonic acid. 

CaroUne. It is very curious^ indeed, that carbonic acid gas 
should render lime soluble in one instance,.and insoluble Intke 
other ! 

Mrs. B, I have here a bottle of Seltzer water, which, y<m 
know, is strongly impregnated with carbonic acid .' — let us 
pour a little of it into a glass of lime-water. You see that it im- 
mediately forms a precipitation of carbonat of lime? 

Emily, Yes, a white cloud appears. 

Airs, B. I shall now poiur an additional quantity of the Selt- 
zer water into the lime-water — 

■ Emily, How singular I The cloud is re-dissolved, and the 
liquid is again transparent. 

Mrs. B, All the mystery depends upon this circumstance^ 
that carbonat of lime is soluble in carbonic acid, whilst it is in- 
soluble in water ; the first quantity of carbonic acid, therefore, 
which 1 introduced into the lime-water, was employed in form- 
ing the carbonat of lime, which remained visible, until an addi- 
tional quantity of cart>onic acid dissolved it. Thus, you see, 
when the lime and carbonic acid are in proper proportions to 
form chalk, the white cloud appears, but when the acid predom- 
.Inates, the chalk is no sooner formed than it is dissolved. 

Caroline. That b now the case ; but let us try whether a 
further addition of lime-water will again precipitate the chalk. 

EmtVy. It does, indeed! The cloud reappears, because, J 
suppose, there is now no more of the carbonic acid than is ne- 
cessary to form chalk ; and, in order to dissolve the chalk, a 
superabundance of acid is required. 

Mr^. B. We have, I think, carried this experiment far 
enough \ every repetition would but exhibit the same appear- 
ances. 

Lime combines with most of the acids, to which the carbo- 
nic (as being the weakest) readily yields it; but these combina- 
tions we shall have an opportunity of noticing more particular- 
ly hereafter. It unites with phosphorus, and with sulphur, in 
their simple state 5 in short, of all the earths, lime is that which 
nature employs most frequently, and most abundantly, in its in- 
numerable combinations. It is the basis of all calcareous earths 
and stones ; we iind it likewise in the animal and the veget^* 
ble creations. 

Emily. And in the arts is not lime of very great utility ? 

Mrs. B. Scarcely any substance more so; you know that it 
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^« most essential requisite in btiikji ng, as4t constitutes^ tbe ba? 
Sis of aii cements, such as mortar, stucco, piaster, &c. 

Lime is also ofinfinite importance in agriculture; it lightens 
aild warms soits that are too cold and compact, in consequence 
of ttio great a proportion of clay.— But it would be endless to 
enumerate the various purposes for which it is employed ; and 
yim know enough of it to form some idea of its importance ; we 
shall, therefore, now proceed to the third alkaline earth, mag** 

NfiStAr 

Caroline, I am already pretty well acquainted with that 
torth; it is a medicine. 

Mr&. B. It is in the state of carbonat that magnesia is usuat^ 
ly employed medicinally; it then differs but little in appear- 
ance from its simple form, which is that of a very fine light 
white powder. It dissolves in 2000 times its weight of water, 
but forms with acids extremely soluble salts It has not s& 
great an attraction for acids as lime, and consequendy yields 
Iheih to the latter. It is found in a great variety of mineral 
combinations, such as slate, mica, and amiamhus, and more 
particularly in a certain lime-stone, which has lately been dis- 
covered by Mr. Tennant to contain it in very great quantities. 
It does not attract and solidify water, like lime : but when mix- 
ed with water and exposed to the atmosphere, it slowly absorbs 
carbonic acid from the latter, and thus loses its causticity. Its 
'^hief use in medicine is, like that of lime, derived from its read- 
iness to combine with, and neutralise, the acid which it meets 
"with in the stomach. 

Emily, Yet^ you said that it was taken in the state of carbo- 
nat, in which case it has^ already combined with an acid ? 

Mrs, B, Yes; but the carbonic is the last of all the acids in 
"the order of affinities ; it will therefore yield the magnesia to 
any of the others. It is, however, frequently taken in its cans* 
tic state as a remedy for flatulence. Combined with sulphuric 
ftcid, magnesia tonus another and more powerful medicine, com* 
raonly ealled Epsom salt, 

Caroline, And properly, sulphat of magnesia^ I suppose? 
Fray why was it ever called Cpsom salt ? 

• Mrs, /^. Because there is a spring in the neighbourhood of 
Epsom which contains this salt in great abundance. 

The last alkaline earth which we have to mention is stron- 
liAN, or sTRONTiTEs, discovcrcd by Dr. Hope a few years ago. 
It so strongly resembles barytes in its properties, and is so spar- 
ingly found in nature, and of so little use in the arts, that it will 
not be necessary to enter into any particulars respecting it. 
One of the remarkable characteristic properties of strontites is, 
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tlmt \tM salH, when dissolved ia spirit of wine, tinge the Hmk of 
a deep led, or biood colour* 



CONVERSATION XVI. 

ON ACIDS. 

Mrs, B, We may now proceed tothencids. Of the metallic 
oxyds, you have already acquired some general notioiis. This 
subject, though highly interesting in its details, is not of saffi* 
dent importance to oiir concise view of chefnistry, to be partt<^ 
ttlarly treated of j but it is absolutely necessary that you shofild 
be better acquainted with the acids, and likewise with their 
combinations with the alkalies, which form tlie triple com- 
pounds called NEUTRAL SALTS. 

The class of acids is characterised by very distinct proper- 
ties. They all change blue vegetable iufusions to a red colbur : 
they are all more or less sour to the taste ; and have a general 
tendency to combine with the earths, alkalies, and metallic 
oxyds. / 

You have, I believe, a clear idea of the nomenclature by 
which the base (or radical) ot the acid, aad the various degrees 
©f acidification, are expressed ? 

Emily. Yes, I think so; the acid is distinguished by the 
name of its base, and its degree of oxydation, that is, the quanti- 
ty of oxygen it contains, by the termination of that namein ati^ 
or ic; thus siilpbureow* add is that formed by the smallest 
proportion of oxygen Combined wrth sulphur; sulphuric acid is 
that which results from the combination of sulphur with the 
greatest quantity of oxygen. -> 

Mrs. B* A still greater latitude may, in many cases, be ak 
lowed to the proportions of oxygen that can be combined with 
acidificiable ]:adicals ^ for several of these radicals are suscepti* 
ble of Uniting with a quantity of oxygen so small as to be insa^ 
ficient to give them the properties of acids : in these cases^ 
therefore, they are converted into oxyds. Such is sulphur, 
which by exposure to the atmosphere with a degree of heat in^^. 
adequate to produce inflammation, absorbs a small proportion of 
oxygen, which colours it red or br«wni This, therefore^ is the 
first degree t)f oxygenation of sulphur ; the 2d converts it intb 
sulnhuroit^ acid ; the 3d into the sulphuric acid ; and 4ihly, if 
it UMS found capable of combining with a still larger proportioil' 
of oxygen, it would ^hen betermed euper^o^ggentited m^kitric 



temSy. Ar6 tliese various degrees of o!t5rgetiatioii commoi^ 
to all the acids ? 

Mrs. B. No ; they vary mqch in this respect : some are sus- 
ceptible of only ofve degi^ee of oxygenation; others, of two, or 
three; there ore but very few that will admit of more. 

Caroline, The modern nomenclature must be of immense ad* 
vantage in pointing out so easily the nature of the acids, and 
their various degrees of oxygenation. 

AJrs. B, Till lately many of the acids had not been decom- 
posed ; but analogy afforded so strong a proof of their com- 
pound nature, that I never could reconcile myself to classing 
them with the simple bodies, though this division has been 
CKioptqd by several chemical writers. At present there are on^ 
ly the muriatic and the fluoric acids, which have not had their 
bases distinctly separated. 

Caroline, We have heard of a great variety of aetds ; pray 
how many are (here in all ? 

Mrs, B. I believe there are reckoned at i>resent thirty-four, 
and their number is constantly increasing, as the science im- 
proves ; but the most important, and those to which we shall 
almost entirely confine our attention, are but few« I shall, how* 
ever, give you a general view of the whole ; and then we shall 
BK>re particularly examine those that are the most essential. 
- This class of bodies was formerly divided into mineral, ve* 
getable, and animal acids, according to the substances front 
which they were commonly obtained. 

Caroline. That, I should think, must have been an excellent 
arrangement ; why was it altered ? 

Mrs, B, Because in many cases it produced confusion.^ In 
which class, for instance, would you place carbonic acid ? 

Caroline* Now I see the difficulty. I should be at a los» 
where to place it, as you have told us that it exists in the ani- 
paai, vegetable, and mineral kingdoms. 

Emily. There would be the same objection with respect to 
phosphoric acid, which, though obtained chiefly from bones, 
can also, you said, be found in small quantities in stones, and 
Ukewise in some plants. 

Mrs. h. You see, therefore, the propriety of changing this 
node of classifica'ion. These objections do not exist in the 
present nomenclature ; for the composition and nature of each 
Hidividual acid is in some <fegree pointed oUt,, instead of the 
dass of bodies from which it is extracted 5 and, with regard to 
tfie more general division of acids, they are classed under these 
three heads : 

Fksl* Acids of known or supposed simple bases, whlcb^ure 
18» 
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are 



Acids^ of known and simple bas^. 



formed by the uuion of tbese bases with oxygen. Tfeey 
the Ibllowmg : 

The Sulphuric ] 
Carbonic 
I^itric 
Phosphoric 
Arscrtical 
TuHgatenic 
Molybdenic 
Boradc 
Fluoric 
Muriatic 



• This class comprehends the most anciently known and most 
important acids. The sulphuric, nitric, and n^riatic were for- 
merly, and are still frequently, called mineral ctcids. 

2dly, Acids that have double or binary radicals, and whiclt 
consequently consist of triple combinations. These are the 
vegHable acids, whose common radical is a compound of hy- 
drogen and carbon. 

Caroline. But if the basis of all the vegetable acids be th^ 
same, it should form but one acid ; it may indeed combine with 
different proportions of oxygen, but the nature of the acid must 
be the same. 

Mrs. b. The only difference that exists in the basis of vege^ 
able acids, is the various proportions of^ hydrogen and carbon 
from which they are severally composed. But this is enough 10 
produce a number of acids apparently very dissimilar. Tiial 
they do not, however, difft^r essentially, is proved by their sus^ 
ceptibility of being converted into earh other, by the addition- 
©r subtraction of a portion of hydrogen or of carbon. Th* 
names of these acids are, 

The Acetic 
Oxaiic 
Tartarous 
Citric 

Jwjnlif* 

GalUe I Acids, of double bases, being of v^^t- 

BenT^oic 
Succinic 
Camphoric 
Suberic 



The Sid class 6( aeids odndsts of those which have triple rack 
icals, and are therefore of a still more compound nature. THb 
class comprehends the animal acids^ which are, 

The Lactic 
Prtismc 
Formic 

Bomhic V Acids, of triple bases, or animal ac ids. 
Sebacic 
Zoonic 
Litkic 

• I have given you this summary account or enumeration of 
the acids, as you may find it more satisfactory to have at once 
an outline or a general notion of the extent of the subject 5. but 
we shall now confine ourselves to the first class, which requires 
our more immediate attention; and defer the (ew remarks 
which we shall have to make on the others, till we treat of the 
chemistry of the animal andvegetable kingdoms. 

The acids of simple and known radicals are all capable of 
being decomposed by combustible bodies, to which they yield 
their oxygen. h\ for instance, I pour a drop of sulphuric acid 
€li this piece of iron, it will produce a spot of rust, you know 
whatthatis? 

Caroline. Yes ; it is an oxyd, formed by the oxygen of the 
acid combining with the iron. 

. Mrs, B. In this case you see the sulphur deposits the oxy- 
gen by which it was acidified on the metal. And again, if we 
pour someacid on a compound combustible substance, (we shall 
try it on this piece of wood,) it will combine with one or more 
of the constituents Of that substance, and occasion a decomposi* 
tion. 

Emly, It has changed the colour of the wood to black. How 
Is that? 

Mrs, B. The oxygen deposited by the acid has burnt it; 
you know that wooii in burning becomes *black before it is re- 
duced to ashes. Whether it derives the oxygen which burns it 
from the atmosphere, or from any other source, the chemical 
effect on the wOod is the same. In the case of real combustion, 
wood becomes black, because it is reduced to the state of char- 
coal by the evaporation of its other constituents. But can you 
tell me the reason why wood turns black when burnt by the 
application of an acid ? 

Caroline, First, tell me what are the ingredients of wood ? 
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Afr«. B. Hydrogen and carbon are the chief constitutes of 
xvood, as of all other vegetable substances. 

Coi^oUne. Well, then, I suppose that the oxygen of the acid 
combing with the hydrogen of the wood, to form Water; and* 
that the carbon of the wood, remaining alone, appears of its 
usual black colour. ' ' 

Mrs, B. Very well indeed, my dear; that is certainly the 
most plausible explanation. 

Caroline, Would not this be a good method of making char- 
coal ? 

Mrs, B, It would be an extremely expensive, and, I believe, 
very imperfect method ; for the action of the acid on the wood^ 
and the heat produced by it, are far from sufiicient to deprive 
the wood of alt its evaporable parts. 

Caroline, What is the reason that vinegar, lemon, and the 
acid of fruits, do not produce this effect on wood ? 

Mrs, H, They are vegetabe acids, whose bases are composed 
of hydrogen and carbon ; the oxygen, therefore, will not be dis- 
posed to quit this radical, where it is already united with hydro- 
gen. The strongest of these may, perhaps, yield a little of 
their oxygen to the wood, and produce a stain upon it ; but the 
carbon will not be sufficiently uncovered to assume its black 
colour. Indeed, the several mineral acids themselves possess 
this power of charring wood in very different degrees. 

Emily, Cannot vegetable acids be decomposed, by any com- 
bustibles ? 

Mrs, B. Na ; because their radical is composed of two sub- 
stances which have a greater attraction for oxygen than any 
known body. 

Caroline, And are those strong acids, which burn and de- 
compose wood, capable of producing similar effects on the 
skin and flesh of animals ? 

Mrs, B, Yes ; all the mineral acids, and one of them more 
especially, possess powerful caustic qualities. They actually 
corrode and destroy the skin and flesh ; but they do not produce 
upon these exactly the same alteration they do on wood, proba- .^ 
bly because there is a great proportion of nitrogen and other 
substances in animal matter, which prevents the separation of 
carbon from being so conspicuous. 
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CONVERSATION XVIL 

Of THE SULPHURIC AXD PHOSPHORIC ACID3; OR THE 
^ COMBINATION OF OXYGEN Wi TH SULPHUR AND PHOS- 
PHORUS ; AND OF THE SULPHA rs AND PHOSPHA TS. 

Mn, B, In addition to the general survey which we have 
takep of acids, I think you will find it interesting to examine 
individually a few of the most 4mpdrtant of tliera, and like- 
wise some of their principal combination with the alkalies, al- 
kaline earths, and metals. The first of the acids, in point of 
importance, is the sulphuric, formerly called oil of vitriol. 

Caroline. I have known it a long time by that name, but 
hfid no idea that it was the same fluid as sulphuric acid. What 
resemblance or connection can there be between oil of vitriol 
9U)d this acid ? 

Mrs, B. Vitrol is the common name for sulphat of iron, a 
salt which is formed by the combination of sulphuric acid and 
iron ; the sulphuric acid was formerly obtained by distillation 
from this salt, and it very naturally received its name from the 
substance which afforded it. ^ 

Caroline. But it is stillusually called oil of vitirol ? 

Mrs. B. Yes; a sufficient length of time has not yet elap- 
sed, since the invention of the new nomenclature, for it to be 
generally disseminated ; but, as it is adopted by all scientific 
chemists, there is. every reason to suppose that it will gradu- 
ally beco."ne universal. When I received this bottle from the 
chemists, oil of vitriol was inscribed on the label ; but, as I 
knew you were very punctilious in regard to the nomenclature, 
I changed it, and substituted the words sulphuric acid. 

Emily. This acid has neither colour nor smell, but it ap- 
pears much thicker than water. 

* Mrs. B. It is nearly twice as heavy as water, and has, you 
see, an oily consistence. . 

Caroline. And it is probably from this circumstance that it 
has been called an oil, for it can have no real claim to that 
name, as it does not contain either hydrogen or carbon, which 
are the essential constituents of oil. 

Mrs. B. Certainly ; and therefore it would be the more ab- 
surd to retain a name which owed its origin to such a mistaken 
analogy. 

Sulphuric acid, in its purest state, would probably be a con- 
crete substance, but its attraction for water is such, that it is im- 
possible to obtain that acid perfectly free from it j it is, there- 
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lore, always seen in a l^uid fc^vb^ such as yba^h^ife find' tt. 
One of the mist striking properties of sttlphartc acid is thai of 
eTolving a considerable quantity of heat when mixed wi^ wa- 
ter ; this I have already shown you. 

Emly, Yes, I recollect it ; bat what was the degree of l^eal 
produced by that mixture ? '^ 

Mrs. B. The thermometer may be raised by It to 300 de- 
grees, which is considerably above the temperature of boiling 
water. 

CaroUne. Then water might be made to boil in that mix- 
ture? * 

]^^. B. Nothing more easy, provided that you employ su^ 
Scient quantities of acid and of water, and in the due propor« 
4ons. The greatest heat is produced by a mixture of one part 
of water to four of the acid : we shall make a mixture of these 
proportions, and immierse in it this thin glass tube, which is fuH 
«f water. 

Caroline. The vessel feels extremely hot, but the water does 
not boil yet. * 

Mrs. B. You must allow some time for the heat to perietrate 
the tube, and raise the temperature of the water to the boiitng 
point — " " ' 

Caro/ine. Now it boils — and with increasing violence. ' 

Mrs. B. But it will not continue boiling long; for the mix- 
ture gives out heatonly while the. particles of the water and 
the acid are mutually penetrating each other : as soon as the 
new arrangement of those particles is effected, the mixture will 
gradually cool, and the water return to its former temperature. 

You have seen the manner in which sulphuric acid decompo- 
ses all combustible substances, whether animal, vegetable, or 
mineral, and burns them by means of its oxygen ? 

Caroline. I have very unintentionally repeated the expepl^ 
ment on my gown, by lettinj? a drop of the acid fall upon it, and 
it has made a stain, which, I suppose, will never wash oot. ^ 

Mrs. B. No, certainly ; for betbre you can put it into waterj 
the spot will become a hole, as the acid has literally burnt the 
muslin. 

Caroline. So it has indeed ! Well, I ^vHl fasten the stopper^ 
and put the bottle away, for it is a dangerous substance. — ^Ofe 
now 1 have done worse still, for I have spilt some on my hand: 

Airs. B. It is then burned, as well as your gown, for you 
know th3t oxygen destroys animal as well as vegetable matter*; 
and, as far as the decomposition of the skin of your finger ii 
effected, there is no remedy.; but by washing it immediately in 
water, you will dilute the acid, and prevent any further injury. 



. Ot^Mine^ It leels ^xtreme^y bot^ I assure you. 
i Mrs* B. You have iiow learned, by experience, how cau* 
tiojasly Uiis acid roust be used. You will soon become acquain* 
ted with another acid, the nitric, which, though it produces less 
beat on the skin, destroys it still quicker, and makes upon it an 
indelible stain. You should never handle any substances of 
this kind, without previously dipping your fingers in water, 
which will weaken their caustic eflfects* But, since you will 
iH>t repeat the experiment, I must put in the stopper, for the 
acid attracts the moisture from the atmosphere, which would de- 
stroy its strength and purity. 

Emily. Pray, hovv can sulphuric acid be extracted from sul* 
pbat o( iron by distillation ? 

,. Mrs^B* The jjrocess of distillation, you know, consists in 
separating substances from one another by means of their di^ 
ferent degrees of volatility, and by the introduction of a new 
chemical agent, caloric. Thus, if sulphat of iron be exposed 
in a retort to a proper degree of heat, it will be decomposed^ 
and the sulphuric acid will be volatilised. 
.. JSim'/y. But now that the process of forming acids by the 
combustion of their radicals is known, why should not this 
method be used for making sulphuric acid ? 

Mrsi B, This is actually done in most manufactures; but 
tjbe usual method of preparing sulphuric acid does not consist 
jn burning the sulphur in oxygen gas (as we formerly did by the 
way of experiment,) but in heating it together with another 
substance, nitre, which yields oxygen in sufficient abundance to 
render the combustion in common air rapid and complete. 

Caroline. This substance, then, answers tlie same purpose 
as oxygen gas? 

Jklra. B. Exactly. In manufactures the combustion is per^ 
formed in a leaden chamber, with water at the bottom, to re^ 
ceive the vapour and assist its condensation. The combustion 
is, however, never so perfect but that a quantity of sulphurC' 
0U9 acid is formed at the same time ; for you recollect that the 
sulphureous acid according to the chemical nomenclature, dif-* 
jfers from the sulphuric only by containing less oxygen. 
. From its own powerful properties, and from the various com- 
t^nations into which it enters, sulphuric acid is of great impor- 
tance in many of the arts, 

, It is used also in medicine in a state of great dilution ; for 
were it taken internally, in a concentrated stjate, it would prove 
% most dHugeious jxnson. 
, CaroUm* i am Hue it would burn the throat and stomach. 
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j^ric ack! and potash. This salt is easily selufole in bdWftjf 
water. Solubility is, indeed, a property commoo to all salts f 
and they always produce cold in melting. 

Emily, That must be owing to the caloric which they «1^ 
9orb in passing ftom a soHd to a fluid form. 

Airs. B. That is, certainly, the most probable exploimtion^ 

Sulphat of 8oda^ commonly called Glauber's sah, is anOtliet' 
medicinal salt, which is still more bitter than the preceding.' 
We must prepare some of these compounds, that you may ofcK 
serve the phenomena which take place during their formation^ 
We need only pour some sulphuric acid over the soda which I 
have put into this glass. 

Caroline. What an amazing heat is disengaged ! — I thought 
you said that cold was produced by the melting of salts ? 

Mrs. B. But you must observe that we are now makings not 
melting a salt. Heat is disengaged during the formation of 
compound salts, and a faint light is also emitted, which may 
sometimes be perceived in the dark. 

Emily. And is this heat and light produced by the union of 
the two opposite electricities of the alkali and the acid ? 

Mrs. B. No doubt it is, if that theory be true. 

Caroline. The union of an acid and an alkali is then an ae*- 
tual combustion ? 

Mrs. B. Not precisely, though there is certainly much anal- 
ogy in these processes. 

Caroline. Will this sulphat of soda become solid ? 

Mrs. B. We have not, [ suppose, mixed the acid and the al* 
kali in the exact proportions that are required lor the formation 
of the sah, otherwise the mixture would have been almost ini^ 
mediately changed to a solid mass ; but, in order to obtain it 
in crystals, asyouseeit in this bottle, it would be necessary 
first to diiufe it with water, and afterwards to evaporate tfaNl 
water, during which operation the salt would gradually crystal* 
Use. 

Caroline. But of what use is the addition of water, if it is 
afterwards to be evaporated ? 

Mrs. B. When suspended in water, the acid and th« alkali 
are more at liberty to act on each other, their union is more 
complete, and the salt assumes the regular form of crystals do* 
ring the slow evaporation of its solvent 

Sulphat of soda liquefies by beat, and eiloresces in tlie ah^; 

Emily. Pray what is the meaning of the word effloreseet f 
I' do not recollect your having mentioned it before. 

Mrs- B. A salt is said to effloresce when it loses Its water of 
crystalUsatioa on being exposed to. the atatospbera, and'is4 
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gmdufldl y con verted kik^ a dry powder: you may observe that 
^ese crystals of solphat of sodii are far fioin possessing the 
transparency which bek>Dg8 to their crystalline state; they are 
Cffvered with a white powder, occasioned by their having been 
exposed to the atmosphere, which has deprived their sm'face oC 
its luslr^ by absorbing its water of crystailisation. Salts are> 
'm.fs^nfml, either efioreeoent ot^deHquescent ; this latter prop- 
ert;y j* precisely the i-everse of the former ; Uiat is to say, de- 
litescent salts absorb water from the atmosphere, and are 
moisteaed and gradue^y melted by it. Miuriat of lime is an 
iiMance of great ddiquescence. 

EnUfy, But are there no salts that have the same degiee of 
sittiaction for water as the atmosphere, and that wUl conse* 
qnently «ot be affected by it ? 

. Mr$. £. Yes; there are many such saks, as, for instane^ 
(sommea salt, sulphat of magnesia^ and a variety of others. 

Su^hfU of Ume is very frecj^uently met with in nature, and 
constitutes the weU-known tubi^nce called gpptuJUf or plaster 

Sulphat of magnesia^ commonly called Epsom sMj is ancK 
ther very bitter medicine, which is obtained from sea^water and 
frwn several springs, or may be prepared by the direct combi- 
nation of its ingredients. 

We have formerly mentioned sui^kat (^aUtmine as coilst^ 
tutingthe common cUttm ; it is found in nature chiefly in th^ 
neighbourhood of volcanoes, and is p^icolarly useful in the 
sBftfi^ from its strong astringent qualities. It is chiefly employed 
by dyers and catico^rinters, to fix colours ; and is used also in 
the manufacture of some kinds of leather. 

Sulphuric acid combines also with the metals. 
, CwroUfie, Ona of these combinations, SulpJuU of iron, wt 
me already well acquainted with. 

.Mrs. B. That is the most important metallic salt formed by 
sulphuric acid, and the only one that we shall here notice. It 
ift (kgteat use in tlie arts ; and, in medicine, it affords a very 
valuable tonic : it is of this salt that most of those preparations 
Qailed steel medicines are composed. 

' Caroline. But does any carbon enter into these compositions 
to form steel ? 

Mrs, B. Not an atom : they are, therefore, very improperly 
CftUed steel : but it is the vulgar appellation; and medical me* 
Aemselves. often comply with the general custom. 

Sulphat of iron may be prepared, as you have seen, by dis^ 
Mving iron in sulphuric acid ; but it is generally obtained 
Asm the natural production called Pyrites^ which being a sul« 
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p^uret rff iron, requires only exposure to the atmosphere to be 
oxydated, ia order to form the %alt ; this, therefore, is much t&e 
most easy way of procuring it on a large scale. 

Emily. 1 a in surprised to find that both acids and compOti«d 
tahs are generally obtained from their various conibinationS| 
^ther than from the immediate union of their ingredients. 

Mrs. B. Were the simplo bodies always at hand, their com- 
binations would naturally be the most convenient method of 
forming compounds ; but you must consider that, in most in- 
8tances,^here is great difficulty and expense in obtaining the 
simple ingredients from their combinations ; it is, therefore of- 
ten more expedient to procure compounds from the decomposi-' 
tion of other compounds. But, to return to the sulphat of iron. 
— Tl^ere is a certain vegetate acid called XjalUt acidy wbic& 
has the remarkable property of precipitating this salt black — I 
shall pour a few drops of the gallic acid into this solution of sui- 
phat of iron— 

Caroline. It is become as black as ink ! 
Mrs. B. And it is ink in reality. Common writing ink is a 
precipitate of suFphatof iron by gallic acid; the black colour 
is owing tp the formadoaof gallat of iron, which being insolu- 
ble, remains suspended in the fluid. n 
This a<:id has also the property of altering the colour of irop 
in its metallic state. You may frequently see its efifect on the 
blade of a knife, that has been used to cut certain kinds «^ 
fruits. V 

Caroline. True 5 and 4hat is, perhaps, the reason that a sil- 
ver knife is preferred to cut fruits; the gallic acid, I suppose^ 
does not act upon silver. — Is this acid found in all fruits ? ^ 
Mrs, B. It is contained, more or less, in the rind of mo^t 
fruits and roots, especially the radish, which^f scraped with f 
Steel or iron knife, has its bright red colour changed to a deep 
purple, the knife being at the same time blackened. But tb^ 
vegetable substance in which the gallic acid most abounds is 
nutgall, a kind of excrescence that grows on oaks, and from 
which the acid is commonly obtained for its various purpose^* 
Mrs. B. W*i now come to the phosphoric and phosphorous 
ACIDS. In treating of phosphorus, you have seen how these 
acids may be obtained from it by combustion ? r 

Emily • Yrs ; but I should be much surprised if it was th^ 
nsual method of obtaining them, since it is so very difficult U> 
procure phosphorus in its pure state. e 

Mrs. />. You are right, my dear ; the phosphoric acid, for 
general purposes, is extracted from bones, in which it is contain- 
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^ijQ the state of pbospMof lime; from this salt th^ phos- 
pbprip acid is separated by means of the sulphuric, which com- 
bines with the lime. In its pure state, phosphoric acid is either 
fi^^id 91: $oiid[^ according to its degree of concentration. 

Amoj^gthe salts formed by this acid, pAo«^Aa^ of lime is 
the oo^y one that afiords^much interest; and this^ we have al- 
iieady observed^ constitutes the basis of all bones. It is also 
jfoui^ in. very small <|uaiitiiies io some vegetables^ 



CONVERSATION XVIII. 

OF THE NITRIC AND CARBONIC ACIDS ; OR THE COM- 
: BIiVATfONS OF OXYGEN WITH NITROGEN AND OAR- 
BOxV; AND OF THE NITRATS ANP CARBONA TS. 

Mrs. B. I AM almost afraid of introducing the subject of the 
NITRIC ACID, as I am sure that I shall be bhimed by Caroline 
for not having; made her acquainted with it before. 

Cardine, Why so, Mrs. B. P 

Mrs. B. Because you have loiig knowii its radical, which is 
nitrogen or azote ; and in treating of that element, I did not ev- 
en hint that it was the basis of an acid. 

Caroline, And what could be your reason for not mention* 
ing this acid sooner ? 

Mrs. B. I do not know whether you will think the reason 
Sufficiently good to acquit me ; but the omission, I assure yoU; 
did not proceed from negligence. You may recollect that ni- 
trogen was one of the first simple bodies which we examined: 
you were then ignorant of the theory of combustion, which I 
believe was, for the first time, mentioned' in that lesson ; and 
therefore it would have been in vain, at that time, to have at- 
tempted to explain the nature and' formation of acids. 

Caroline, I wonder, however, that it never occurred to us to 
wiquire whether nitrogen could be acidified ; for, as we knew 
it was classed among the combustible bodies/ it was natural to 
suppose that it might produce an acid. 

Mrs. B. That is not a necessary consequence : for «it might 
combine with oxygen only in the degree requisite to form an 
dryrd. But you will find that nitrogen is susceptible of various 
degrees of oxygenation, some of which convert it merely into 
an oxyd, and others give it all the Hcid properties. 

The acids, resulting from the combination of oxygen and ftii 
19* 
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trogen,%re calted the nitrous and mrtac iicids. ^ n4Il tie- 
gin with the NITRIC, m which phrogeti is hi the highest state icif 
oxygenation. This acid natarally exists in the farm of gor^ 
btH is so very soluble in water, and has so great an afdalty Ji^r it, 
that one grain of water will absorb and condenseten gr8iti»df 
acid gas, and form thtf limpid flntd which you see hi this' -bottle. 

Caroline. What a strong offensive smeH it has I v 

Mrs* Ji. This acid.contuns a greater sdi)uhdaoce of ^tygea 
than any other, but it retains it with very little force. 

Emily. Then it must be a powerful caustic, both from the 
fecility with which it parts with its oxygen, and the <piffiitlty 
which it affords ? 

Mrs* B. Very well, Emily ; both cause and effect are exact- 
ly such as you describe : nitric acid burns and destroys all kinds 
ol organized matter. It even sets fire to some of the most 
combus^^ substances. — We shall pour a little of it over this 
piece of dry warm charcoal*— you see it inflames it immedi- 
«tely ; it wcHdd do the same with oil of tupentine, phosphorus, 
and several other very combustible bodies. This shows you 
tew easily this acid is decomposed by combustible bodies, »ace 
these effects must depend upon the absorption of its oxygen* ; 

Nitric acid baa been used in the arts from time immemori- 
al, but it is only within these twenty-ive years that its chemidil 
iM^m-e has been ascertained. The celebrated Mr. Cavendish dis- 
covered that it consisted of about 10 parts of nitrogen and 25 
%^ oxy gen.f These principles, in the gaseous state, combine at 
a high temperature; and this may be effected by repeat^dfy 
passing the electrical spark through a mixture of the two gasea. 

EmUy. The nitrogen and oxygen gases, of which the atmos- 
phere is composed, do not combine, I suppose^ because th^p 
temperature is not sufficiently elevated ? 

CaroHne. But in a thunder-storm, when the lightnii^ re- 
peatedly passes through them, may it not produce nitric acid ? 
We should be in a strange situation, if a violent storm should -at 
«nce convert the atmosphere into nitric acid. 

Mrs. B. There is no danger of it, my dear 5 the Itghtsli^ 

• ToiDflamechaicnal, a stjooger acid than that sold at ibe riioptis 
necewarj. The experiment, with oh turpentine and phoiphoros, sue- 
ceed9,if abont a sixth part ofsutph. acid is added to the nitric acid. 
The experiment with the turpentine requires caution. The vial coo- 
tainintc the acid must be tied to a stick, a yard ©r two kmg, the opetrk- 
t«r pouring it into a small quattUty of the tarpentine standing at a 
distance. C. • ^. . . • 1 

t The proportion stated by Sir H. Davy, la his Cheimcal Rfi^e^ca- 
es, is as ^ to 3,389. 
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diab «flect but a very smalt portion of the atmosphere, and 
draii^ it were occasionally to prockice a little nitric acid, yet 
lim never could happen to such an e^iTtent as to b^ perceivable. 

Bmfy, But haw could the nitric acid be known, and used, 
belbce ihe method of combining its constituents was dbcovered f 
'^' Jih'B. B. Before that period the nitric acid was obtained, and 
it is indeed still extracted, for the common purposes of art, fl-om 
.^lie compound salt which it Ibrms with potash, commonly call* 
ed nitre. 

CktroUne. Why i*it so called ? Pray, Mrs. B., let these old 
,^pmiieaning names be entirely given up, by us at feast ; and let 
us call this salt nitnsU of potash. 

Mb^. B. With all my heart ; but it is necessary that Ishould, 
at least, mention the old names, and more especially those 
iWloch are yet in common use 5 otherwise, when you meet with 
:ihero, you would not be able to understand thdr meaning. 

Emly. And how is the add obtained from this salt ? 
. Mt8^ B, By the intervention of sulphuric acid, which com- 
bines with the potash, and sets the nitric acid at liberty. This 
{.can easily s^ow you, by mixing some nttrat of potash and sv^ 
phuric acid in this retort, and heating it over a lamp ; the nitric 
acid will come over in the form of vapour, which we shall col* 
/lectin a glass bell. This acid, diluted in water, is common^ 
tcalled o^tia/br^if, if Caroline will allow me to mention diat 
name. 

?s CaroUne. I have often heard that aqua fortis will dissolve al* 
nilost idl metals ; it is no doubt because it yidds its oxygen 80 
. easily. 

; 3m«. B. Yes; and from this powerful solvent property, it 
derived the name of aqua fortis, or strong water. Do ^ou not 
recollect that we oxydated, and afterwards dissolved, 9ome cop* 
per in this acid ? 

£m%. If I remember right, the nitrat of copper was the first 
< instance you gave us of a compound salt. 

Caroline, Can the nitric acid be completely decomposed and 
,OQBverted into nitrogen and oxygen ? 

Emily. I'hat cannot be the case, Caroline ; since the acid 
iicfen be decomposed only by the combination of its constituents 
'%ith other bodies. 

Mth. B. True; but caloric is sufficient for this purpose. By 

'making the acid pass through a recj hot porcelain tube, it is de- 

4,comp(^ed ; the nitrogen and oxygen regain the caloric which 

they had lost in combining, and are thus both restored to their 

^^|ft9eo«8 state. 



Tbe nitric aetd may abo be partly decomposed, and u bj| 
this means converted into nitrous acu>. , ^ 

CaroUne* This conversion must be easily effected^ as^theox* 
}^n is so slightly combined with the nitrogen. j 

Mrs. B. The partial decomposition of nitric acid is readil)^ 
effected by most metals; but it is sufficient to expose the mtric 
acid to a very strong light to make it give out oxygen gas^ ^4 
thus be converted into nitrous acid. Of this acid there are v^ 
rious degrees, according to the proportions of oxygen which it 
contains ; the strongest, and that into which the nitric is £rst 
converted, is of a yellow colour, as you see in this bottle. 

Caroline, How it*fumes when the stopper is taken out ! 

Mrs, B, Tbe acid exists naturally in a gaseous state, and is 
here so strongly concentrated in water, that it is constantly ea« 
caping. 

Here is another bottle of nitrous acid, which,' you see, is of aa 
orange red ; this acid is weaker, the nitrogen being combined 
with a smaller quantity of oxygen i and with a still less propor- 
tion of oxygen it is an olive-green colour, as it appears in this 
third bottle. In short, the weaker the acid, the deeper is it^ 
colour. 

Nitrous acid ^ets still more powerfully on some inflammable 
substances than the nitric. 

Emily. I am surprised ^t that, as it contains less oxygen. . 

Mr9* B. But, on the other hand, it parts with its oxygen 
much more readily : you may recollect that we once inflamed 
oil with this acid. 

The next combinations of nitrogen and oxygen form only 
oxyds of nitrogen, tbe first of which is commonly called nitrou9 
air ; or more properly nitric oxydgas,* This may be obtain- 
ed from nitric acid, by exposing the latter to the action of met- 
als, as in dissolving them it does not yield the whole of its oxy- 
gen, but retains a portion of this principle sufficient to convert^ 
it into this peculiar gas, a specimen of which I have prepared^ 
and preserved within this inverted glass bell. 

Emily. It is a perfectly invisible elastic fluid. 

Mrs. B. Yes; and it may be kept any length of time in this 
manner over water, as it b not, like the nitric and nitrous acids,' 
absorbable by it. It is rather heavier than atmospherical air^ 
and is incapable of supporting either combustion or respiration.^ 

• To procure nitrous air put into a retort some filings, or shavings or 
copper, on which pour nitric acid, dilated with four or five parts tit 
water ; then apply the heat of a lamp, and receive tbe gat in the altH 
al way, over water. C. 



AND NITKOtrs AOlHs. Zt$ 

I am going to incline the glass gently on on« side, so as to lei 
some of tt]^ gas escape— 

' Emly, How very curious 1— It produces orange fumes likf 
the nitrous acid ! that is the more extraordinary, as the gas 
-^nMxk the glass is perfectly Invisible. 

Mrs. B. It would give me much pleasure if you could make 
dut the reason of this curious change without requiring any fur* 
iher eirplanation. 

Caroline, It seems, by the colour and smell, as if it were con« 
verted into nitrous acid gas; yet that cannot be, unless it con^ 
bines with more oxygen'; and how can it obtain oxygen the 
very instant it escape from the glass ? 

Emily, From the atniosphere, no doubt. Is it not so, Mrs, 
B. ? 

Mrs, B, You have guessed it; as soon as it comes in contact' 
trith the atniosphere, it absorbs from it the additional quantity 
6i oxygen necessary to convert it into nitrous acid gas. And, 
in now remove the bottle entirely from the water, so as to 
bring at once the whole of the gas into contact with the atmos* 
Inhere, this converaon will appear still more striking-^ 

Emily, Look, Caroline, the whole capacity of the bottle is 
instantly tinged of an orange colour ! 

Mm, B. Thus, you see, it is the most easy process imagina^ 
ble to convert nitrous oxyd gas into nitrous add gas. The 
property of attracting oxygen from the atmosphere, without 
any elevation of temperature, has occasioned this gaseous oxyd 
b^ing used as a test for ascertaining the degree of purity of the 
atmosphere. I am going to show you how it is applied to this 
purpose. — You see this graduated glass tube, which is closed at 
one end, (Plate X. fig. 2.) — 1 first fill it with water, and then 
introduce a certain measure of nitrous gas, which, not being ab- 
sorbable by water, passes through it, and occupies the upper 
part of the tube. I must now add rather above two-thirds of 
©xygen gas, which will just be sufficient to convert the nitrous 
oxyd gas into nitrous acid gas. 

. Caroline, So it has ! — I saw it turn of an orange colour ; but 
it immediately afterwards disappeared entirely, and the water, 
you see, has risen, and almost filled the tube. 
• , Mrs. B, That is because the acid gas is absorbable by wa- 
ter, and in proportion as the gas impregnates the water, the lat- 
ter rises in the tube. When the oxygen gas is very pure, and 
the required proportion of nitrous oxyd gas very exact, the 
whole is absorbed by the water; but if any other gas be mixed 
with the oxygen, instead of combining with the nitrous oxygen, 
it will remain and occupy the upper part of the tube ; or if the 
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gases be QOC in the due ptt^rUeii, tfaete will be tt tMJpld^xif 
that which predomuiates. — Before we leave this sufajedt, I mm/li 
■ot forget to remark that nitrous acid may be formed by dissol*^ 
YJDg nitrous oxyd gas in nitric acid. This solution ma^ be :eff 
fected simply by making bubbles of nitrous oxyd gas ipt» 
thro^B;h nitric acid. 

Emily, That b to say, that nitrogen at its highest degvee ofe 
oxygenation, being mixed with nitrc^en at its lowest d^r^cr of 
oxygenation, will produce a kind c^ intermediate subst^nce^ 
wbidi is nitrous acid. 

Mr9. B» You have stated the fact with great precisio!iftb*t*< 
There are various other methods of preparing nitrous oxyd^and:. 
of obtaining it fh>m compound bodies; but it is not necessHry 
to enter into these particulars. It remains for me only to men*'^ 
lion anotbor curious modification of oxygenated nitrogen, whi^^h 
has been distinguished by the name ofgcLseous oxyd ofnUro* 
gen. It is but lately that this g^ has been accurately «xami»* 
ed, and its properties have been investigated cbr^^tiy by Str Hi' 
Davy. It has obtained also the name of exkllarutiiui '^x% 
from the very singular property which that gentleman baa dis- 
covered in k, of elevating the animal apirtts, when inhaled into, 
the lungs, to a degree sometimes resembling delirium or intoftit^ 
l^ion. ^ ■ ■ A 

Caroline. Is it respirable, then ? 

Mn, B. It can scarcely be called respirable, as it would not 
SQpport life for any length of time; b»t it may be breathed for 
■m few moments withont any other efiects, than th»;s!!n?nl?ir e*i" 
httarafion of spirits I have just mentioned. It affects difft^rrrrt' 
people, however, in a very different manner. Some becunie, 
violent, even outrageous; others experience a languor, attended, 
with faintness ; but most agfree in opjnion, that the sensations it> 
excites are extremely pleasant. 

CaroUne. I think I should like to try it — how do you breathe 
it? 

Mrs. B, By collecting the ejas in a bladder, to which a short 
tube with a stop-cock is adapted; this is applied to the mouth' 
with one hand, whilst the nostrils are kept closed with tbeother) 
that the common air may have no access. You then alternate** . 
\y inspire, and expire the gas, till you perceive its effects. But 
I cannot consent to your making the experiment; for xh», 
nerves are sometimes unpleasantly affected by it, and I would* 
not run any risk of that kind. ' '\ 

Emily, I should like, at least, to see somebody breathe it^! 
but pray by what means is this curious gas obtained ? 
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' I^ut* B, It is pr6itnired from nitrat of ammonia,*' an artifi*. 
dol'iblt i^hichyidds this gas on ike application of a gentle 
h«at. 1 have put some of the salt into a retort, and by the aid 
of B lamp the gas will be extricated. 

Cmxdine. bubbles of air begin to escape throagh the neck 
of the retort mto the water apparatus ; wiH you not collect 
them? 

' Mrs. B, The gas that first comes over need not be preser* 
y«d, as it consists of little more than the common air that \^as 
in thi^ retort ; besides, there is always in this experiment a 
qttamity of watery vapour which must come 'away before the 
nitrous oxyd appears. 

Emily, Watery vapour ! Whence does that proceed ? There 
is no water in nitrat of ammonia? 

Mr*. B. You must recollect that there is in every salt a quan- 
tity of water of crystallisation, which may be evaporated by 
heat alone. But, besides this, |Water is actually generated in- 
tins experiment, as you will see presently. First tell me, what 
are the constituent parts of niti^t of ammonia ? 

Emily. Ammonia, and nitric acid ; this salt, therefore, con^ 
tains three different elements, nitrogen and hydrogen, which 
praite€e the ammonia; and oxygen, which, with nitrogen^ 
forms the acid. 

Mr%. B, Well then, in this process the ammonia is d^com^ 

* To timke nitrate of ammooia, take florae nitric acid, or aquafbr- 
til— dilute it with four, or five parts of water ;. put it into a shallow 
eartheo dish, anil throw ia pieces of carbonate of aoimoma^ un^l the) 
efiervescence ceases. Evaporate about one third of the liquor by a 
gentle heat, and set it away to crystallize. The crystals are long stri- 
ated prisms. To procure the nitrous oxide^ or exhilarating gas, and 
t^ try its ^fects by respiration, the following simple apparatus may be 
used, VI here a better is not at hand. Put some nitrate of ammonia 
iato an <»! flask, having, first fitted to it a cork, and glass tube, hent 
so as to go under the receiver in the water bath. Then apply the gen- 
tle heat of a lamp. 

For a receiver, fill a large Jug with water, and invert it in the water 
bath : have fitted to the jug a cork, having two holes made 
through it with a^buming iron ; into one of these holes put a glass tube 
opea at both ends, and nearly long enough to reach the bottom of the 
juff. Provide a large bladder furnished with a short tube tied to it. 
When the jug is nearly filled with the gas, remove, and set it upnght 
by passing the hand under its mouth— then put in the cdrk and tube, 
tite other opening in the cork being closed. When, you wish to breatiie 
ttie gas, take the stopper out of the cork, and pass in the tube attach* 
ed to the bladder. Then by means of a small tunnel, pour water into 
the jug through the long tube, uotill il drives out gas enough to fill the 
bladder. Mrs. B. describes the manner of breathing it. 

Cautum, Let the gas stand an hour or two over water before it is 
<ireathed. C. , 
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pofed ; die h ydr oge n quits the Bitranen to oonbioe wkb some 
of the oiurgen of the nitrie acid, and forms with it the watesy 
vapour which is now coming over. When that is-efifeded^ 
what wiU you expect fo find ? 

Emily. Nitrous acid instead oi nitric acid, and nitr^;eB iot 
stead of ammonia. 

Mtb, B. Exactly so ; and the nitrous acid and nitrogen eom^ 
bine, and form the gaseous oxyd of nitrogen, in which the pro* 
portion of <»ygen is 37 parts to 63 of nitrogen. . 

You may have observed, that for a little while no bubblS of 
air have come over, and we have perceived only a stream of 
vapour condensing as it issued into the water. — Now bubbles 
of air again make their appearance, and I imagine that by this 
time all the- watery vapour is come away, and that we may be- 
gin to coUect t^ gas. We may try whether it is pure, by fili« 
ing a phial with it, and plunging a taper into it — yes, it will do 
pow, for the taper bums brighter than in the common air, and 
with a greenish flame. 

Caroline. But how is that ? I thought no gas would support 
combustion but oxygen or chlorine. 

Mrs. B. Or any gas that contains oxygen, and is ready to 
yield it, which is the case with this in a considerable degree ^ 
His not, therefore, surprising that it should accelerate the com* 
bustion of the taper. 

You see that the gas is now produced in great abtmdaoee; 
we shall collect a large quantity of it, and I dare say that we 
shall £nd some of the family who will be curious to make the 
experiment of respiring it. Whilst this process b going on, 
we may take a general survey of the roost important combina- 
tions of the nitrie and nitrous acids with the alkalies. 

The first of these is rUtrai of poUiMh commonly called ntlre 
or saltpetre. * 

CaroUne. Is not that the salt with which gunpowder is made ? 

Mrs B. Yes. Gimpowder is a mixture ol* five parts of ni- 
tre to one of sulphur, and one of charcoal.-— Nitre, from its 
great pioportioii of oxygen, and from the facility with which 
it yields it, is the basis of most detonating compositions. 

Emily^ But what is the cause of the violent detonation of 
gunpowder when set fire to ? 

Mrs. B. Detonation may proceed from two causes ; the sud? ~ 
den formation or destruction of an elastic fluid. In the first 
case, when either a solid or liquid is instantaneously converted 
into an elastic fluid, the prodigious and sudden expansion of tbe 
body strikes tbe air witii great violence^ and this cpncussion 
produces the sound called detonation. 



i^€arolhK, That I comprdieiid v«ry weU^ btit bow cftn a. 
siimlar e6S*ct be produced by the destruction of a gas ? 

vJirv^B* A gas can be desti»y^ only by condensing it to a 
liquid or solid state ; when this takes place suddenly, the gas, 
iniassuimng a new and more con) pact form, pi oduces a vacuum, 
into which the surrounding air rush^-s with great impetuosity ; 
cttd^it is by that rapid and violent motion that the sound is pro- 
doced* In all detonations, therefore, gases ace either suddenly 
formed, or destroyed. In that of goepowder,,can you tell me 
whicbo/these two circumstances takes place? 
'^ Emily* As gunpowder is a solid, it must, of course, produce 
the gases in its detonation ; but how,i^annot tell. 

Mrs. B* The constituents of gunpowder, when heated to a 
certain degree, enter into a number of new combinations, and 
2^ instantaneously xxmverted into a variety of gases, tfoe sud^, 
den ^pansibn of which gives rise to the detonation. 
.. €aroUne. And in what Instance tloes the destruction or coni»; 
densation of gases produce detonation ? 
"Mrs,M. I can give you one with which -you are well ac- 
quainted 5 the sudden combination of the oxygen and bydrogea 
^e«. :• . 

; ^Var^ine. - True ; I recollect perfecdy that hydrogen de-^ 
ttfnates .'with oxygen when the two ^aes are converted into 
water. 

^M^^B.Bat let us return to jthe nitrat of potash. — This salt 
is^ecomposed when exposed to beat, and mixed with any com^ 
bOMibl^body, such as cat bon, sulphur, or Rietals,tfaese substan* 
^esoxydating rapidly at the expense of the nitrat. I most show 
y«M^an instance of this. — I expose to the fire some of the salt in 
a small iron ladle, and, when it is sufficiently heated, add tott 
Mlie powdered charcoal ; this will attract the oxygen from the 
salt, and be converted into carbonic acid.— * 
* ^EnHfy.Ent what occasions that crackling ifioise, and those, 
vlvidvflitehes that accompany it ? 

*^ 'Mr». B, The rapidity with which the carbonic acid gas is 
fkm^ttd t)Ccastons a succession of small detonations, which, to< 
eether with the emission of flame, is called defic^ration. 
*- NUrat ef ammonia we have already noticed, on account of 
the gaseous oxyd of nitrogen which is ob^intd from it. 
' * Nitrat of silver is ^e lunar caustic^ so remarkable for its 
ilroperty of destroying animal fibre, for which purpose it is of- 
ten used by surgeons^-^We have said so much on a former oc« 
easibn^ on the 'mode in which caustics act on animal matter, 
Ibtit I shall not d«tain you any longer on this subject. 
20 
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We now come to the carbonic acid, wMch we have ^h^i^ 
dy bad many opportunities of noticing. You recollect that tMs 
acid may be formed by the comljastion of carbon, whether iift 
Its imperfect state of charcoal, or in its purest form of diamond. 
And it is not necessary, for this purpose, to bum the carbdiriil 
oxygen gas, as we did in the preceding lecture ; for you need 
only light a piece of charcoal and suspend it under a receiver 
On the M^ater bath. The charcoal will soon be extinguished^ 
and the air in the receiver will be found mixed with carbonic 
acid. The process, however, is much more expeditious if the 
eumbustion be performed in pure oxygen gas. 

Caroline. But how can you separate the carbonic acid, ob^ 
tained in this manner, from the air with which it is mixed ? 

Mrs. B. The readiest mode is to introduce under the receivet" 
a quantity of caustic lime, or caustic alkali, which soon attracts 
the whole of the carbonic acid to form a carbonat. — The alkail 
IS found increased in weight, and the volume of the air is^dknin- 
Ished by a quantity equal to that of the carbonic acid which was 
mixed with it. * 

Emily. Pray is there no metliod of obtaining pure carbon 
from carbonic acid ? 

Mrs. B. For a long time ir was supposed that carbonic acid 
was not decompoundable; but Mr. Tennant discovered, a ffew 
years ago, that this acid may be decomposed by burning phos- 
phorus in a closed vessel with carbonat of socki or carbonat of 
lime: the phosphorus absorbs the oxygen from the carbonat, 
whilst the carbon is separated in Ihe ^rm oT a black powder^ 
This decomposition, however, is not efiected simply by the at- 
traction of the phospliorus^ for oxygen, since it is weaker than 
that of charcoal ; but the attraction of the alktdi or lime for the 
phosphoric acid, unites its power at th^same time. 

CaroliM. Cannot we make that experiment ? 

^rs. B. Not easily ; it requires being performed with ex- 
treme nicety, in order to obtain any sensible quantity of carbon, 
and the experiment is much too delicate for me to attempt it. 
But there can be no doubt of the accuracy of Mr. Tennont's re- 
sults ; and all chemists now agree, that one hundred parts of 
carbonic acid gas consists of about twenty-eight parts of carbon, 
to seventy-two of ^y gen gas. But if you recollect, we decom- 
posed carbonic acid gas the odier day by burning potassium 
in it. 

Caroline. True, so we did ; and found the carbon preclpita^ 
ted on the regenerated potash. 

Mrs. B. Carbonic acid gas is found very abundantly in ttsH- 
ture ; it is supposed to form about one thousandth part of the 



i.|qiimhi»^, andis^tnjstiuttly |?ro4i|cedJjy th« rjwpiration of 
«mnials ; it exista in a great variety of combinations^ and is ex« 
^i^d' from many nati^ral decotnppsitions. It is contained in a 
sriate. of great purity in certain caves, such as the Qrotto del 
Cane^jiear Naples. 

* Bmilt^. I recollect having read an account of that grotto^ and 
^the cruel experiments made on the poor dc^fs, to gratify the 
curiosity of strainers. But 1 understood that the vapour exha- 
W by this cave -was called j£a:ed air. 

' Mrs* B. That is the name by which carbonic acid was known 
before its chemical composition was discovered. — This gas is 
more destractive of life than any other ; and i( the poor animals 
that are submitted to its effects are not plunged into cold water 
us soon as they become sensele^ they do not recover. It ex- 
tinguishes flame instantaneously* I have collected some ii^ this 
jj^ass^ which I will pour over the candle.* 
. CaroHne, This is extremely singular — it seems to extinguish 
^ Ught as it were by enchantment, as the gas is invisible. I 
never should have imagined that gas could have been poured 
bke a liquid. 

jMrs. 8, It can be done with carbonic aqid only, as no other 
gas is sufficiently heavy to be susceptible of bemg poured out in 
the atmospherical air without mixing with it. 

• Epdly. Pray by what means did you obtain this gas ? 
Mrs. B I procured it from marble. Carbonic acid gas 1ms 

so strong an attraction for all the alkalies and alkaline earths, 
that th^e are always found in nature in the state of carbonaUi. 
Cdombioed* with lime,' this acid forms chalk, which may ')e con* 
sidered as the basis of all kinds of marbles, and calcareoes 
simnes. From these substances carbonic acid is easily separa- 
ted, as it adheres so slightly to its combinations, that the oarbo- 
nats are all decomposable by any of the other acids. I can easi- 
ly show you how I obtained this gas ; I poured some diluted 
sulpburic' acid over pulverised marble in this bottle (the same 
which we used the other day to prepare hydrogen, gas,) and the 
ga»-escftped through the tube connected with it ; the operation . 
still. continues, as you may perceive-— 

Emihf. Yes, it does; there is a great fermentation in the glass 
vessel. What singular commotion is excited by the sulphuric 
acid taking possession of the lime, and driving out the carbonic 
acid! 

* Merely poonag it over a candle, will not extinguish it. Put k 
short piece of candid', or taper, into the bottom of a deep tumbler, and 
then pour in the gas and the flame goes out as quickijf as though yoa 
ponred in water. C. 
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Carobne. But ihl the carbonic acid exfel ki a gairtetotJ^ '^M»e 
in the marble ? 

Mrs. B. Certainly not 5 tbe acid, when hi a state of^^dmW- 
natioD, IS capable of existing in a soWd form. ** ' 

Caroline. Whence, then, does it obtain the caloric neoesstfry 
to convert it into gas ? ^ *-" 

Mrs. B. It may be sopplied in this case from the mixture «tf 
sulphuric acid and water, which produces and evolution of beat, 
even greater than is required for the purpose ; since, as ydu 
may perceive by touching the glass vessel, a considerable ijtia*- 
tity of the caloric disengaged becomes sensible. But a supply 
of caloric may be qbtained also from a diminution of capacitor 
'for heat, occasioned by the new combination which takes 
place; and, indeed, this must be the case when oth«r acids are 
employed for the disengagensent of carbonic acid gas,' wlitch 
do no^ like the sulphuric, produce heat on being mixed witli 
water. Carbonic acid may likewise be dtsengaged from its 
combina^ons by heat alone, which restores it to its gas^dtM 
state. 

Caroline. It appears to me very extraordinary that the same 
gas, which is produced by the burning of wood and coals shoi^d 
exist also in such bodies as marble, and chalk, which are ln^ 
combustible substances. 

Mrs. B. I will not answer that objection, Caroline, beedlisift 
I think I can put you m a way of doing it yourself, is carbo- 
nic acid combustible ? 

Caroline. Why, no — because it is a body which has been al* 
ready burnt 5* it is carbon only, and not the acid, that is Cditt- 
bustible. 

Mrs. B. Well, and what inference do you draw from thb ? 

Catoiine. That carbonic acid cannot render the bodies wilk 
which it is united combustible ; but that simple carbon does^ 
and that it is in this elementary state that it exists hi wood, 
coals, and a great variety of other combustible bodies. — Iiideed^^ 
Mrs. B., you are very ungenerous; you are not satisfied witll 
convincing me that my objections are frivolous, but you- oblige 
me to prove them so myself. • ^- 

Mrs. B. You must confess, however, that I make ample 
amends for the detection^ of error, when I enable you to dis- 
cover tbe truth. You understand, now, I hope, that carbonk 
acid is equally produced by the decomposition of chalk, or by 

• Not burnt in the commoD acceptation of the word. Tbe carbon 
is already omted to oxygen, aod ttierefore has no affinity (ot it. In 
the artificial production of carbonic acid, the carbon ia burnt. C 



4l<»^Qiriittsttoilk of diarcoai. These proce^iesr «re certainly of 
a very differeRt nature; ia the first case the acid is already for- 
Qied^ and requires notlUng more than heat to restore it to its gas- 
eous state ) urhiist^ In the Latter, the acid is actually made by 
the process of combustion. 

Caroline* I understand it now perfectly. Bat I have jtet 
beea thinking of another difficulty, which, I hope, you will ex- 
atsG my not being able to remove myself. How does the im- 
Qi^nse quantity of calcareous earth, which is spread all over the 
globe, obtain the carbonic acid with which it is combined ? 

Jfc/r«. B. The question is, indeed, not very easy to answer; 
hiat 1 conceive that the general carbonisation of calcareous 
natler may have been the eSeci of a general combustion,* oc- 
casioned by some revolution^ of our globe, and producing an 
immense supply of carbonic acid, with which the calcareous 
npatter became impregnated ; or that this may have been efiect"- 
ed by a gradual absorption of carbonic acid from the atmos- 
phere — But this would lead us to discussions which we cannot 
indulge in, without deviating too much from our subject. 

Emily, How does it happen that we do not perceive the per- 
niciofis effects of the carbonic acid which is floating in the at* 
mosphere ? 

Mrs* B. Because of the state of very great dilution in which 
}te»9ts there. But can you tell me^ Bmily, what are the sour^ 
ces which keep the atmosphere constantly supplied with this 
acid ? 

Emily* Isopposethecombu^ion of wood, coals, and other 
sabstauces, that contain carbon. 

Mrg» B, And also the breath of animals. 

Caroline. The breath of animals ! I thought you said that 
this gas was not at all respirable, but on the contrary, extreme- 
ly |M)isonous. 

Mt8.B, So it is; but although animals cannot breathe in 
«Brbonk acid gas, 37et, in the process of respiration, they have 
the power of forming this gas in their lungs^ so that the air 
wiiich we expire^ or reject from the longs, always contains a 
certain proportion of carbonic acid, which is much greater than 
that which is commonly found in the atmosphere* 

Caroline. But what is it that renders carbonic acid such sl 
deadly poison ? 

• Thi« idea ia at randmn. We cannot account for the origin of car- 
booic acid in its native state any betttrthan we can for oxygen. It 
cjaint>t be the prodint ofcomhustion, sinceit existed before the growth' 
^ eooibiutible materials. €• 

SO* 
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Mrs. B. The manner in which this gas destroys Hjle, weemn 
to be merely by preventing the access of respirable air; lor 
carbonic acid gas, unless very much dihited with common air, 
does not penetrate into the lungs, as the windpipe actually con* 
tracts and refuses it admittance. — But we must dismiss this sub^ 
ject at present, as we shall have an opportunity of treating of 
respiration much more fully, when we come to the chentical 
functions of animals. 

Emily. Is carbonic acid as destructive to the life of vegeta- 
bles as it is to that of animals ? 

Mrs. B. \{ a vegetable be completely immersed in it, I be- 
lieve it generally proves fatal to it 5 but mixed in certain pro- 
portions with atmospherical air, it is, on the contrary, very fa* 
vourable to vegetation. 

You remember, I suppose, our mentioning the mineral wa- 
ters, both natural and artificial, which contain carbonic acid 
gas? 

Caroline. You mean the Seltzer water ? 

Mrs. B. That is one of those which are the most used; 
there are, however, a variety of others into which carbonic acid 
enters as an ingredient : all these waters are usually distinguish- 
ed by the name of acidulous or gaseous mineral waters. 

The class of salts called carhonats is the most numerous iti 
nature ; we must pass over them in a very cursory qsanner, et^ 
the subject is far too extensive for us to enter on it in tietati. 
The state of carbonat is the natural state of a vast number of 
minerals, and particularly of the alkalies and alkaline earths, 
as they have so great an attraction for the carbonic acid, that 
they are almost always found comb ned with it; and you may 
recollect that it is only by separating them from this acid, that 
they acquire that causticity and those striking qualities which 1 
have formerly described. All marbles, chalks, shells, calca- 
reous spars, and lime-stones of every description, are ncirtral 
salts, in which limey iheir common basis, has lost all its charac- 
teristic properties. ^ - 

Emily. But if all these various substances are formed by the 
union of lime with carbonic acid, whence arises their diversity 
of form and appearance } 

Mrs. B. Both from the difierent proportions of their compo- 
nent parts, and from a variety of foreign ingredients which may 
be occasionally blended with them : the veins and colours of 
nmrbles, for instance, proeced from a mixture of metallic sub- 
stances ; silex and alumine also frequently enter into these Com- 
binations. The various carbonats, therefore, which J faavie 



Btfitmerdted, canhcft be considered as pttre iraadriterfed nemral 
Rilts, although they certaiiEiIy belong to that class of bodies. 



CONVERSATION XIX. 

ON THE BORACIC, FLUOaiC, MURIATIC, AND OXYGEN- 
ATEO MURIATIC ACIDS; AND ON MUKIA rS—O.N lO* 
. DINE AND IODIC ACID. 

Mrs. B. We now come to the three remaining acids with 
simple bases, the compoun^d nature of which, though long sus- 
pected, has been but recently proved. The chief of these is 
Ih^ muriatic; but I shaH first describe the two others, as their 
b^ises have been obtained more distinctly than that of the muri- 
atic acid. r«. 

You may recollect I mentioned the boracic acid. This is 
Ibufld very sparingly in some parts of Europe, but for the use 
of manufactures we have always received it from the remote 
'ojttotry of Thibet, where it is found in some lakes, combined 
with soda. It is easily separated from the soda by sulphuric 
acid, and appears in the form of shining scales, as you see 

here. . , , , . , 

Caroline. lam glad to meet with an acid which we need 
not be afraid to touch ; for I perceive, from your keeping it in 
a piece of pap^^r? that it is more innocent than our late acquaint- 
mP^^ tl^^ sulphuric and nitric acids. 

4\irs, H. Certainly; but being more inert, you will not find 
its properties so interesting. , However its decomposition, and 
the brilliant spectacle it affords when its basis again unites with 
oxygen, atones for its want of other striking qualities. 

Sir H. Davy succeeded in decom|K)sing the boracic acid, 
'/which had till then, been considered as undecompoundable,) 
by various methods. On exposing this acid to the Voltaic bat- 
tery, the positive wire gave out oxygen, and on the negative 
y/\re was deposited a black substance, in appearance resenib- 
ling charcoal. This was the basis of the acid, which Sir H. 
Davy has called Boracium, or Boron- 

The same substance was obtained in more considerable 
quantities, by exposing the acid to a great heat in an iron gun- 

barrel. 

A third method of decomposing the boracic acid consisted in 
burning potassium in contact with it in vacuo. The potassium 
attracts the oxygen from the acid, and leaves its basis in a sep- 
arate state. 
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The recomposition of tbn acid I ahait'Sliow you^ by. btifomg 
some of its basis, wliich you see here, in a retort full of <>xygei| 
gas. The heat of a candle is all that is required for this com- 
bustion. — i 

Endly, The light is astonishingly brilliant, and what beiati- 
ful sparks it throws out ! . x ■ ■.'■■\ 

Mrs. B. The result of this combustion is the boracic aci^i 
the nature of which, you see, is proved both by . analy^ and 
synthetic means. Its basis has not, it is true, a metallic ap- 
pearance; but it makes very bard alloys with other metals. , 

Emily, But pray, Mrs. B., for what purpose is the bora^ 
acid used in manufactures? 

Mr9, B, Its principal use is in conjunction with soda, that is^^ 
in the state of borat of soda^ which in the arts is commoolj!^ 
called borax. This salt has a peculiar power of dissolving 
metallic oxyds, and of promoting the fusion of substances capsi^^ 
We of being melted ; it is accordingly employed in various me- 
tellic arts; it is used, for example, to remove the oxyd from the 
surface of metals, and is often employed in the assaying of ii»%*^ 
tallic ores. 

Let us now proceed to the fluoric Acin. This acid is ob- 
tained from a substance which is found frequently in mines, an4^ 
particularly in those of Derbyshire, called J?Mor, a name wbiclit 
it acquired #)m the circumstance of its being^qsed to render 
the ores of metals more fluid when heated. 

Caroline. Pray is not this the Derbyshire spar of ,whicli fto. 
many ornaments are made? 

Mrs. Bt The same; but though it has long been employed 
for a variety of purposes, its nature was unknown unjtil Scheele^^^ 
the great Swedish chemist, discovered that it consisted of lime 
united with a peculiar acid, which obtained the name of ^/?iwa- . 
ric acid. It is easily separated from the lim^ by the sulphuric , 
•acid, and unless condensed in water, ascends in the. form of ga$. . 
A very peculiar property of this acid is its union with siliceoiis 
earths, which I have already mentioned. If the distillation of 
this acid is performed in glass vessel^, they are corroded, ^nd 
the siliceous part of the glass comes over, united with the gas 5 
if water is then admitted, part of the silex is deposited, as you 
may observe in this jar. 

Caroline, I see white flakes formmg on the surface of the 
water ; is that silex ? 

Mrs. B. Yes it is. This power of corroding^ glass has beea; 
used for engraving, or rather etching, upon it. The plass is 
first covered with a coat of wax, through which the fiiiures to 
be engraved are to be scratched with a pin ; then pouring the 
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fluoric acid over die wax. It corrodes the gk»s^ where the 
scmtcbes have been made* 

. Caroline, I should like to have a bottle of this acid, to make 
engravings.* 

< Mrs, B. But you could not have it in a glass bottle, for in 
that case the acid would be saturated with silex, and incapable 
of ejceeutiiig an engraving ; the same thing would happen were 
t^acid kept in vessels of porcelain or earthen^ware ^ this acid 
ntost therefore be both prepared and preserved in vessels of 
silver. 

If it be distilled from fluor spar and vitriolic acid, in silver 
or leaden vessels, the receiver being kept very cold during the 
dktUlaiion, ft assumes the form of a dense fluid, and in that 
state is the most intensely corrosive substance known. This 
Sieems to be the aeid combined with a little water. It may be 
called hydrofluoric acid; and Sir H. Davy has been led, from 
some late experiments on the subject, to consider pure fluoric 
acid as a compound of a certain unknown principle, which he 
calk ^Kionne, with hydrogen. 

Sir H. Davy has also attempted to decompose the fluoric acid 
bv burning potassium in contact with it ; but he has not yet 
men able by this or any other method, to obtain its basis in a 
diS^et separate state. 

"We shall conclude our account of the acids with that of the 
MUBiATic ACID, which is perhaps the most curious and inter- 
eftfSng of all of them. It is found in nature combined with so- 
da, lime, and magnesia. Muriai of soda is the common sea- 
sJdt, add from this substance the acid is usually disengaged by 
vtK^m of the sulphuric acid. The natural state of the muriatic 
add is that of an invisible permanent gas, at the common tem- 
perature of the atmosphere \ but it has a remarkably strong at- 
traction for water, and assumes the form of a whitish cloud 
whenever it meets any moisture to combine with. This acid \t 
remarkable for its peculiar and very pungent smell, and pos- 

- * A bottle of Buoric acid is not easily obtaintid. To make etchings 
09 glass, first cover the glass with a thin coat of bees wax. This is 
done by warming it over a lamp, and paissing the wax over the surface. 
Then make the drawing by cutting through the wax quite down to the 
glass. To do the etching in the small way, tak^ a lead, or tin cup, 
and on the bottom, place about a table spoonful of pulverised fluor 
spar, and on this pour sulphuric acid enough to moisten it— place the 
glass on .the cup as a cover, with the side to be etched downward- 
then set the cup in warm water, or warm the bottom over a lamp, 
taking care not to melt the w^x. In 15 or 20 minutes or more, the 
etching will be done. In this way, drawings are easily and beautiful- 
ly made on glass. C. 
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sesses, 'm a powerful degree, most of the add pr«perdes« Here ^ 
IS a bottle containing muriatic acid in a liquid state. 

CaroHne, And how is it liquefied ? 

Mn. B, By impregnating^ water with it ; its strong attra€lA<ii» 
for water makes k very easy to obtain it in a liquid form > Now^ 
if I open the phial, you may observe a kind of vapour nmUg 
from it, which is muriatic acid gas, of itself invisible, but made 
apparent by combining with the moisture of the atmosphere*; 

Emily, Have you not any of the pure muriatic acid gas ? 

Mrs, B. This jar is full of that acid in its gaseous state^^it 
is inverted over mercury instead of water, because, being ab- 
sorbable by water, this gas cannot be confined by it.— *I shall 
now raise the jar a little on one side, and suffer some of the gas 
to escape. — You see that it immediately becomes visible in tlie 
form of a cloud. 

Emily. It must be, no doubt, from its uniting with the mw- 
ture of the atmosphere, that it is conwrted into this dewy va^ 
pour. 

Mrs. B, Certainly ; and for the same reason, that is tois^jry 
Its elctreme eagerness to unite with water, this gas m\\ cause 
snow to melt as rapidly as an intense fire. 

This acid proved much more refractory when Sir H. Dsevf- 
letttempted to decompose it, than the other two undecompooiifik 
ed acids. It is lingular that potassium will burn in muriatic * 
acid, and be converted into |)otash, without decomposing the 
acid, and the result of this eombustion is b. mnriat cf p0U»k$ 
for the potash, as soon as it b regenerated, combines with ^ ^ 
muriatic acid. 

Cdroline. But how can the^ potash be regenerated, if idie 
muriatic acid does not oxydate the potassium ? 

Mrs. B. The potassium, in this process, obtains 0x3^01 
from the moisture with which the muriatic acid is always com-^ 
bined, and accordingly hydrogen, resultmg from the decompo- 
sition of the moisture, is invariably evolved. 

Emily, But why not make these experiment with dry mu* 
riatic acid ? , 

Mrs. B. Dry acids cannot be acted on by the Voltaic batte- 
ry, because acids are non-conductors of electricity, unless mois- 
tened. In the course of a number of experiments which Shr 
H. Davy made upon acids in a state of dryness, he observed 
that the presence of water appeared always necessary to devdl^ 
ope the acid properties, so that acids are iiot even capable of 
reddening vegetable blues if they have been carefully deprived 
of moisture. This remarkable circumstance led him to suspect, 
that water, instead of oxygen, may be the acidifying pimcipfe; 
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but Uiis be threw out rather as a conjecture than as an establish- 
ed point. 

Sir H. Davy obtained very curious results from burning po- 
tss^cun in a mixture of phosphorus and muriatic acid, and also 
of sulphur and muriatic acid ; the latter detonates with great 
"^olence. All his experiments, however, failed in presenting 
tO'Viit view the basis of the muriatic acid, .of which he was in 
seavoh ; and he was at last induced to form an opinion respect- 
ing the nature of this acid, which I shall presently explain. 

Emily, Is this acid susceptible of di^erent degrees of oxy- 
genation ? 

• Mrg. B» Yes, for though we cannot deoxygenate this acid, 
yet we may add oxygen to it. 

'^ Caroline. Why then, is not the least degree of oxygenation 
of the acid called the muriatoUSy and the higher degree the 
muriatic add ? 

' Mr$. B. Because, instead of becoming, like other acids, more 
dense, and more acid by an addition ot oxygen, it is rendered 
on the contrary mor& volatile, more pungent, but less acid, and 
less absorbable by water. These circumstances, therefore, 
seem to indicate the propriety of making an exception to the 
nomenclature. The highest degree of oxygenation of this acid 
ha»been distinguished by the additional epithet of oxygenated^ 
' or, for the sake of brevity, oxy, so that it is called the oxyge*- 
naiedj or oxy-muriatic acid. This likewise exists in a gaseous 
form, at the temperature of the atmosphere ; it is also suscepti- 
ble of being absorbed by water, and can be congealed, or solid- 
ified, by a certain degree of cold. 

Emily. And how do you obt^ the oxy-muriatic acid ? 

Mrs. B. In various ways ; but it may be most conveniently 
obtained by distilling liquid muriatic acid over oxyd of manga- 
nese, which supplies the acid witii the additional oxygen. One 
part of the acid being put into a retort, with cwo parts of the 
oxyd of manganese, and the heat of a lamp applied, the gas is 
soon disengaged, and may be received over water, as it is but 
sparingly absorbed by it. — I have collected so.-ne in this jar — * 

Caroline. It is not invisible, like the generality of gases ; for 
it'ts of a yellowbh colour. 

, *Mr8. B. The muriatic acid extinguishes flame, whilst, on the 
Contrary, the oxymutiatic makes the flame larger, and gives it a 
dtofk red colour. Gan you account tor this diflerence in the 
two adds ? 
\ 

♦ Breathing only a few bubbles of this gas is attended with bad,— 
soB^tiioes fritb diajcerous rou8.i4acnces. 1 he ^oujog chemist, Uieie- 
fore ha<f better not uuuertake to make it. C. 
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Emily. Yes, I think so ; ^he muriatic acid wifl twW st/p^y* 
the flame with the oxygen necessary for its support; but wheil 
this acid is further oxygenated, it will part with its addklotial 
quantity of oxygen, and in this way support combusrti<mr ^ 

Mrs, B, That is exactly the case ; indeed the oxygen added 
to the muriatic acid adhe'res so slightly to it, that it is separated 
by mere exposure to the sun^s rays. This acid is xlecomposed 
also by combustible bodies, many of which it bums, and actuaf* 
ly inflames, without any previous increase of temperature. '' - 

Ciaroline, That is extraordinary, indeed ! I hope you mean 
to indulge us with some of these experiments ? 

Mrs, B. I have prepared several glass jars of oxy-nrarwrtid 
acid gas for that purpose. In the first we shall introduce soft^ 
Dutch gold leaf. — Do you observe that it takes fire ? 

Emily. Yes, indeed it does— how wonderfiil it is ! It became 
immediately red hot^ but was soon smothered in a thick vapour. 
^ Caroline. What a disagreeable smell ! 

Mrs. B. We shall try the same experiment wkh phosphota* 
in another jar of this acid. — You had better keep your hand- 
kerchief to your nose when I open it — «ow let us dtop into^ it 
this little piece of phosphorus— 

Caroline. It burns really 5 and almost as brilliantly as in ox- 
ygen gas i But, what is most extraordinary, these combu^^<Hl3 
take place without the metal or phosphorus being previously 
lighted, or even in the least heated. ' - 

Mrs. B. All these curious effects are owing to the very gfeat 
facility with which this acid yields oxygen to such bodies a^aro 
strongly disposed to combine with it. It appears extraord|nw 
ry indeed to see bodies, and metals in particular, melt€5d-dotw 
and inflamed, by a gas without any increase of temperanii[«,<«U 
ther of the gas, or of the combustible. The phenomenon,^ lM>«i4' 
ever, is, you see, well accounted for; - . .'^ 

Emily. Why did you burn a piece of Dutch gold leaf rafethfr; 
than a piece of any other metal ? 

Mrs* B. Because, in the fir^t place, it is a composition^ dl 
metals (consisting chiefly of copper) which burns reaidilyf-aBcl 
I use a thin metallic leaf in preference to a lump of m»tal,'he«^ 
cause it aflers to the action of the gas but a small quantity t»f 
matter under a large surface. Filings^ or sjiavifigs, would aiw 
swer the purpose nearly as well; but a lump of metal, ibe'ugh 
the surface would oxydi^e with great raphUty, would not ti&fe 
fire. Pure gold is not inflamed by oxy-murtiitic acid 'gas> but 
it is rapidly oxydated, and dissolved by it ; indeed, this acid m 
the only one that will dissolve gold. 

Emily. This, I suppose^ is what is commonly called a^a 
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regiuy wbkh you kniQW is tbe only ^mg iiiat will act upon 
gpW. * 

Mrs, jB. That is not exactly the case either ; for aqua regi(^ 
is composed of a miicture of muriatic acid and nitric acid. — But 
in feet, the result of this fixture is the formation of oxy^muriatic 
acid^ as the muriatic acid oxygenates itself at the expense of the 
ilitriof this mixture, therefore, though it bears the name ofni' 
triH^uriatic add, acts on gold merely in virtue of the oxy-muri* 
atjc acid which it contains. 

^ulphv, volatile oils, and many other substances, will burn 
in the same manner in oxy-muriatic acid gas; but I have not 
prepared a suli^ient quantity of it, to sho^v you the combustion 
ojfall these bodies. l 

Caroline. There are several jars of tbe ^as yet remaining. 

Mrs.-B. We must reserve these for future experiments. The 
oi^-muriatic acid, does not, like other acids, redd«n the bhie 
vegetable colours ; but it totally destroys all colour, and turns 
ipegfitables^^rfe^tly white. Let us collect some vegetable sub- 
stances to put into this glass,- which is^U of gas. 
J Emily. Here is a sprig of myrtle^^ 

Caroline, And here some coloured paper — 

Mrs. B. We shall also put in this piece of scarlet riband, and 
aro9a^»- 

/ ^iily* Their, colonrs begin to fade immadiattely ! , But how' 
does the gas produce this effect? 
..itfrft. />\ The oxygen combines with the colouring nsatter of 
tiiese substances, and destroys k ; that is to say, destroys the 
property which these colours had of rejecting only one kind of 
rays^ and renders them capable of reflecting them allj which, 
you know, will make them appear white. Old prints may be 
«le9iised bf $Sm acid, for the paper will be whitened without 
ii^ury to the impression, as printer's mk is made of materials 
(cmI and lamp black) which are not acted upon by acids. 

This property of the oxy-mwiatic acid has lately been em« 
frioyed in manulactures in a variety of bleaehuig |}rocesses; but 
(bf -these purposes the gas must be dissolved in water, as the 
acidislhus rend«jced much milder and less powerful in its ef* 
fects; for, in a gaseous state, it would destroy tli^e texture, as 
veil as the colour of the substance submitted to its action. 

CmvHne. Look at the things which w^ put into the gas ; 
^y have now entirely los^ Uieir colour ! 

Mf^i B. The efiect of the acid is^lmost completed ; and if 
we were to examine the quantity that remains, we ahi>u)4 fin<l 
it to coqisi^t chiefly of muriatii: acid. 
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The oxy-^uariattc Aohi has b^eoiised topwnlfy the w mUsi^m 

hospitab and prisons, as it buras and destroys putrid effluvia of 
every kmd. The nifectioa of the sioall-p«x is likewise desttnpy* 
ed by this gas, and matter that has bera Sttlrmitted to its Ii^ah 
ence wlH no longer generate that disorder. 

Caroime* Indeed^ I think the remedy must b^ nearly as bq^ 
as the disease ; the oxy*muciatic acid lias $u^ a dieadi^lly su^ 
locating smdl. 

Mrs. B. It k certainly extremely offi^i$ive : but fajy keepiii|^ 
the mouth shu^ and wetting the nostrils with liquid •nmoniay 
hi order to neutralise the vapour as it reaches the nose,, its pr^<^ 
adicial cfi*ecta^ may be in some degree prevented. , At my raia, 
however, this mode of disinfection can hardly be used inf^laise^ 
that are inhabited. And as the vapour <)i' nitric add, which is 
.gsarcely less efficacious for this purpose, is not al- aU pie^i- 
eiat, it is vsnaUy prel'erred on such oc^^^ions. ^ 

Carolme. You have not' told us yet what is Sir H. Davy's 
new opinion respecting the nature pi' miiriattc a^id^ to whieh 
you alluded a few mintttes ago ? 

Mrs. B. True; I avoided noticing it then, because y(^ 
could not have «utderatoad it without n^me previous knowledge 
of theoxy^miHriatic acid, which I have but just introduced ^o 
your acquaintance* , j,^ 

Sir H. Davy's idea is that muriatic acid, instead pf being a 
compound,eons}$ting(>f an unknown basis and oxygen,. is forni-^ 
ed by the union ef oxy^muriiittc gas with hydrogen? 

Emify. Have you not told us just now that pxy-^oti«$k: 
gas was itself a compound of muriatic acid and oxygen^ , - 

Mrs. JB. Yes ; but according to Sir H. Davy's hypotteas, 
oxy- muriatic gas is considered as a simple body, which con- 
tains no oxygen — m a substance of its own kind, whjch h^ a 
great analogy to oxygen in most of its properties^ though >n 
others it differs entirdiy frotn it» — According to this view of the 
subject, the name o( oxt^murtutic add can no longer be prop* . 
er, and tberelbre Sir H. Davy has adq)ted that jof chlorine^ w 
chiorine gasy a name which is simply expressive of its green^ 
colofir; and in compliance with that philosopher's tht^^mir, w€ 
have placed chlorine in our table among the simple bodies. 

Caroline. But what was Sir H. Davy's reason ibr adaptk^ 
an opinion so contrary to that which had hitherto prevailed? 

Mrs^ B. There are many circumstances which ajne iivottra^ 
hie to the new doctrine ; but the clearest and simplest ^ictln 
its support^ is^ that if hydlx)gfeit gas and oxy^nuriatic^ gaar ^ 



gtts is foi iwefl. 

JBm%. That saemsto be a compkte proof; is it notconsiid? 
ered as perfecriy oancjusiv^ ? . 

Mrs. B, Not so decisive as it appears at first sight; because 
ilis ar^iied by those Di^ho still inclme to the old dostiriiie, that 
imiria^ add gas^ho^ever dry it n»iy be, always jQontaios a 
eatain quantity of water, which is supposed esjBential to its A»r- 
itotton. So that, in the experimeat jitst mentioned, this water 
is supplied by the union of the hydrogen gas with tlie c^ygea 
of the oxy-mti^iatic acM ; and therefore the mixture resolves 
itself into the bsaeofinuriaitc addend wator^ that ls^in«wiatic 
a^gas. 

C&roUne. I think the ok! theory mi^t^ the true cme; for 
otherwise how could you explain the fomia^oa of oxy-rmurjatic 
gas, from a mixtuie of n^riiittc add and oiyd fiS maxigaaese? 
' Mrs. B. Very easily ; you oeed oiJy suppose that hi. this 
process the murialic acid is decomposed; ks hydrogeo uokes 
wsitii the oxygen <)f thefinangaftese to foew wjMei^ and the chh>> 
riri^ appears in its separate state. 

Emily, But haw ci^ you explata the various, co^mbutttions 
v^ich take place in oxy^fflUf iatic gas, if you eonsidec it .as ooa^ 
taintng no oxygen ? 

Mirs. B. We need only^ suppoae4liat oon^uatioa «» the restdl 
<if ii^tense «he«^cal action ;* *80 that chhwioe, iik«. osygen, hi 
combiiiing with bodies, feints cedl^Mku»ds wl»oh hatve Jess ca» 
^aaty for calonc than their constituent principles, and, there- 
fore, caloric is evolved at the^mcMnent of their >oemlMnation. 

Bmiip If, then, we may explain evei^yithiiig4)y either the^ 
ory, to which of the two shall we ^i ve the pfeference ? 
- Afrs, B, It will, perhaps, be better to n^t for more positive 
^a&hj if such can be obtained, beCinre we decide ^sitiv<ely up- 
on the siib}<^ct. The new doctrine has certnicdy gained gi^ound 
very rapidtj;^ and may he coasideired as nearly established:; 
Imr^everal conipeteiit judges^till refuse their ii»aey[it to it, and 
ftntil thattheon'y is very generally adopM? it .may be as well 
f^ us stHI occa^onally to use the language^ to which chamiMS 
have long bee^cciistbrned.— Bui let us proceed to ik^ exfiDil- 
wttWw of «alts formed by muriatic acid. 

♦ ** Inften8<g cUemica) action," neither explains the process, n6f in* 
dead -^oiivey a to tiie .miodaiur definite idfea. The views of Sir H. 
Qavy pn the composiUoa of chlorine, are combatted by many of thfr 
first chemists in England, as well as ia this country. The inquisitive 
reader may become acquainted with the j^rounds of dispute on both 
sides by refcning to Cooper's edition, of Tbomson's chemigtry. €• 



Ammif the compocmd salts ibrmed by murhittc t^M, tl» ifv 
rudof «0£U, or common salt, is the most ifttefesttag.*^ Tka 
uses and properties of this sadt are too well . known to require 
Biuch dooiflient. Besides the pleasant d%¥oar it imparts^^the 
food, it is very wholesome, when not used to exce^/as it asskts 
the process of digestion. ; - n-i* 

Sea-wat^ is the great source from which muriat of sodft' is 
extracted by evaporation. But it is also found in large . so&l 
masses in the bowels of the esurth, in£ngland,imd ip many ofk* 
er parts of the world. ^ ^ 

Emify. I thought that salts, when solid, were sAways la tbe 
state of crystals; but the common table-salt is in the form: of 
a coarse white powder. . v 

Mrs* B. CrystalKsation depends^ as you may recollect^ x)q 
the slow and regular reunion of parti<^ dissolved in a iuid^ 
common «ea-salt it only in a state of imperfbct crystaBbation^ 
^because the process by which it is prepared is not fovoinraye 
to the formati(»i of regular cryslals. But if you dindve tt^ dnd 
afterwards evaporate the water slowly, you will obtain a vepkr 
lar crystallisation. -^ 

MurkU (^ ammoma is another combination of this acid^ 
which we have already mentioned as the principal source froi» 
which ammonia is derived. 

I can at once show you the formadon of this sak by the ka*^ 
mediate combinaUon of muriatie acid with ammonia.— Tbeisr 
two glass jars contain, the one muriatic acid gas, the other aitt* 
rooniaeal gas, both of which are perfectly invisible«*-now> if I 
mix them tether, you see they immediately form an opa^fue 
white doud, Hke smoke^— If a thermometer was placed m that 
jar in which these gases are mixed, you would perceive that 
some heat is at the same time produced. 

Emify. The effiict^ of chemical combinations, are, iad^d, 
wond^ful !-^How extraordinary it is that two invisible bodi^ 
shouldbeeomevisibleby their union I » ' 

Mrs*^. This strikes you with astonishment, because it is- ft 
phenomena which nature seldom exhibits to oiu* view ; but the- 
most common of her operations are as wonderftrlj^od it Rj/their- 
frequency only that preveots our regarding them with equal ad- 
miration. What would be more surprising, for instance,- than^ 
combustion, were it not rendered so familiar by custom ? 

* Accofdiog to Sir H' D'aYj^a views of the nature of the nim^»^ 
and oxy-muriatic acids, dry mariat of soda is a c(»apouiid of todioa^ 
and chlorine, for it may be formed by the direct combinatioa of .oxf - 
muriatic gas and sodium. In his opinion, therefore, what we comift^n*^ 
ly caU muriat of soda contains nei&er soda nor muriatic acid. ' * 



:^milf/. 'ftiatis trae.— ^t pfay^ Ma. B.^is tk«i%kiKrcIl»ud 
tke salt that prbdoces ammrniht? How didepeol ittis ^m th« 
soljfj rourfat of utndiofiia which yoo once showed mi 

Mi/*8. B, his tlie same substance which first appears in the 
state of vapotif, hut will soon beliiondensed by cooling against 
the sides at' the jdr, in the fofm of very minute ^H*ystals* 
' We may now proceed to the oxy^muriata. In this class of 
iaftif the oxy-fnuriat afpoUfgh* is the most worthy of our atten- 
tion, for its striking properties. The acid, in this state of c 
' bination, contahis a still greater proportion of oxygen i 
Irhen alone^ 

'^ Careline. But bowtsan the oxy-nnirtatic acid acquire an in- 
crease of oxygen by combining with potash ? 

Ji^s. B, It does not realiy acquire an additionni quantity of 
oxygen, but it loses some of the mttriatie add, which produce 
0)e same effect, ^as the acid which remains is proportionaWy su- 
ffelHixygenated.t ^ 

' If this salt be mixed, and merely rubbed together with suU 
pbar, phosphorus, charcoal, or indeed any other cmnbustible^ 
It explodes strongly. 

^ QaroUne. Like ghn-powder^ I suppose, it is suddenly con- 
fumaKd into elastic fluids? v 

Mrs, B» Yes; but tirith this remarkable dsff4H*ence, timt no 
%6rease of temperature^ any further than is produced by gentle 
^Ctfo^, is required inkhis itls^nce. Can you tell me what 
gases are generated by the detonation of this salt with charcoal ? 
- Bmiy. Let 'me consider . . . . # The ox5'*moHatiea^id pan« 
#!lh^lt$ excess of oxygen to the charcoal, by which means it w 
converted into muriatic acid gas; whibt the charcoal, being^ 
HHitit by the oxygen, is changed to carbonic acid gas — ^What 
becomes of the potash I cannot tell. 

Mre* B. That is a fixed product which remains in the ve»> 
361. - . 

Caroline. Butsinc^ the |^ash does not enter into the new 
oi^mbinQtions, I do not understand of what nse it is in this ope^ 
ration. Would not the oxy-muriatie add and the eharcdai pr<>-- 
dUce the same effect Vithout it ? 

'Mr9, B. No 5 because there would not be that very great 
pdncentration of oxygen which the combination with the pot** 
ash produces, as I have jiist explained. 

♦Oxy-muri^t of potash is prepared by pasaiog chjorine tbesogh a so* 
l«Sbttofp6teih iii.warter. Fhe process is loag aiid diiQculL C. 

f AccordiDg to Sir H. Davy's new views, just explaiae^, oxy^mud* 
%t of potash is a componad of chlonne with oxyd of potassium. 

21* 
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I Dieatt to sbow yoa tto €XperiGM»t^ bat I woi^aflhrise^^ea 
not to repeat k akme ; for if care be not taken to mi^ on^ val' 
rytmall quantities at a time^ the detoBatiQQ wUi be exireiiiely 
violent, aiKl may be attended with daaferoua^ll^s. Yoa«ed 
1 mix an exceedingly small quantky ^ the salt with a little 
powdered clmrcoal, in this Wedgwood mortar, and riib theot 
logeAer with the pestle — . J 

CaroUne. Heavens! How can such a loud explosion be pro* 
doMd by so snaU a quantity of matter ? 
* Wr9, B, You must connder that an extremdy small qu«^i.« 
ty of solid substance may produce a very great volume of -gases 9 
and it i»the siMlden evolution of these which, occamos the 
sound. 

Eanfy. Would not oxy-muiiat of potash make a stroagar 
fun-powder tliannitrat of potash? 

Mn, B. Yes ; but the preparation, as well as the use of thiv 
salt, is attended with so much danger^ that it is nev^ employed 
for that purpose. 

CaroUne. There is no cause to regret it, I think ^ for the 
•oramon gun-powder is quite sufficiently destructive. 

M79. B. I can shew you a very curious experiment with Ms 
salt ; but it must again be on condition that you will never kh 
tempt to repeat it by yourselves. I throw a small piece of 
phosphorus into this glass of watery then a little oxy-muriat^f 
potash; and, lastly, I pour in (by means of this fuoneJ, so <as 
to bring it in contact with the two other Ingredients at the bot- 
tom of the glass) a small quantity of^ulphuric add — 

Caroiine. This is, indeed, a beautifiil experiment ! Tlw; 
phosphorus takes iire and bums from the bottom of the water. 

BmUy. How wonderful it is to see flame bursting out under 
water, and rising through it ! Pray, how is this accoumed 
for? ■ - ■ 

Mrs, B. Cannot you find it out, Caroline ? 

Emify. Stop — ^I think I can esiptaih it. Is it not because 
the siripburic acid decomposes the salt by combining with the 
potash, so as to liberate the oxy muriatic acid gas by which the 
phosphorus is set on fire ? 

Mrs* B,, Very well, Emily ; andiwith a little moroi^fiectimi 
you woidd have tUscovered another eoacorrmg circumstatfoe, 
which is, that an increase of temperature is produced by the 
mixture of the sulphuric acid and water, which assists in pco- 
moting the combustion of the phosphorus. 

I must, before we part, introduce to yd! racqu^ntance the 
newly-discovfjred substance lon^NK, which you may recdlecf 



we pla^d liezt to o^gen and eUoiifte m our iftble ot siaiple 
tedtes* 

r Caroline* Is. this also a body capable of roaintaming coin- 
bustioQ like oxygen and chlorine ? . 

~ Mrif B*flt is ; and altboi^h^it does not so gener^iy diseif- 
^ige'Hgbt and heat from inflammable bodies, as oxygen and 
chlorine do, yet it is capable of combining with most of them ; 
and sometimes, as in the instance of potassium and phospho- 
rus, the combination is attended with an actual appearance of 
iight and heat. . 

' Caroline. But ijyhat sort of a substance is iodine : what is^it^ 
form, and coMmr? 

Mr8, B. It is a very singular body, in many respects* JU 
the- ordinary temperature of the almo^here, it 'commonly ap* 
pears in the form of blueish black crystalline scales, such as yon 
4see h» this tube. > 

f .Cars&te, They shine like black lead, and some of the scales 
have the shape of lozenge^. 

Mrg. B. That is actually llie form which the cry$tals*of io- 
dine often assmnes. But if we heat them gently, by holding 
-tte tube over llw, flame of a candle, see what, a change takes 
pla^inthem. 

I QarnHne, How curious ! They seem to melt, and the tube 
ioteiediately (ills with a beautiful violet vapour. But look, 
^w. B., tha same scales are now appearing at Jth&other end of 
4he tubci ^w 

Mrs. B. This is in fact a sublimation of iodine^from one 
part of the tube to another ; but with this remarkable peculiar- 
ity, that, while in the gaseous state, iodme assumes that bright 
-violet colour, which, as you may already perceive, it loses^as 
, the tube cools, and tlie substance resumes it§ uisual solid form. 
-*-tlt is from the violet colour of the gas that iodme has ob- 
tained Us name. ' * 

Caroline, But how t^this curious substance obtained ? 
. Mrs. B. It is foundJiQ the ley of ashes of sea-weeds, aft^ 
the soda has been separated by crystallisation ; and it is disen^ 
gaged by means of sulphuric acid, which expels it from the al- 
kaline ley in tiie form of a violetgas, which may be collected 
and condensed in the way you have just seen.^-Tfais interesting 
discovery was made in the year 1812, by M. Courtois, a man- 
Uffictorer of saltpetre at Paris. 

CaroHne* And pray, Mrs. JB., what b the proof of iodinebe- 
ing >a simple body ? . 

Mr9, B. It is considered as a simple body, both because it 
is not capabU of being resolved into other ingredients *, and be- 
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CmHe it is itself cftpaUIe of comliining vnih oth«ih tN)dle%.^ a 
nann^ armlo^ous to oxygen and chVorine. The most €ur'KMi# 
pf these combinations Is tbat wbich it forms with hydregiiR gn^^. 
die resalt of wiiicb is a peculiar ^seoas acid. ; c 

CaroUne. Just as chlorine ^ind hydrogen gas foim m^iati^f 
•cid ? In this respect chlorine and iodine seem to bear a sivftag' 
analogy to each other. » i. 

Mn. B. That is Indeed the case f so that if the tbeCNry^of 
the constitution of ekher of these two bodies be true, it must 00 
true also in regard to the other y if erroneous in the onei'lbe 
theory- mitst fait in both. 

But it IS now time to conclude; we haveexAxiinedvtich^rf 
the acids and salts as I conceived wonld appear to yoitnKwt 
Interesting. — I shall not enter into any particukrs^ respeeti«(f 
the jnetallic acids, as tbey offer nothing suil^iently stuking foe 
Oiir present purpose. *» 



CONVERSATION XX, 

ON THE NATURES AND GO-V! POSIT lOiS OF A'EGETABhH^ 

■ ^* '.- t 

Mtb. B. We Imve iHlharto treated <mly" of the sknplest com* 
bmations of elements, such as alkalies, eartlw, aeids, compumicl^ 
salts, stong^lfcc. ; ail of wbich belong to the mineral king(kiiLr 
It is time now to turn our attention to a more complicated cksr 
c^ compounds, tbat of oroanissd BoniEs, w4iicb i^tU tanrnlsb, 
us with a new source of instrueti(ki and amusement; ^ -y 

Emily. By organised bodies, I suppose,, you itiean the Jveg^ii^ 
vkAt and animal creation ? t have, however, but a very vague' 
kba of the word orgaMmtum^ and I have often wished to know 
more precisely what it means. - > 

^h^, B, Organised tk>dtes are sucbtis are endows by^m^ 
tore with various parts^ peculiarly con^ructed and adapted ^. 
perform certain functions connected with life. Thus you mxi^ 
observe, that mineral compounds are formed by the simpie ef« 
fi?ct of mechanical or ciiemtcal attraction, and may appear to 
some to be in a great measure the productions of chance ; 
whilst organised bodies \ie^ the most striking and inppres^e 
marks of design, and are eminently distii^uished by that ilnr 
known principle, called life^ from which tiie various orgaos de^ 
rive the power of exercising thdr respective functions. 

Caroline. Bi)t hii what manner doe^ life enable these oi^ans 
t«> perforin Ifaelrseir^Md Unctions ? 
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Mi^.B^ Thiit is a mystery^ which^ I fear, hi^ envdoped v^ 
imh prolbutid darkness that there is very Itpje hope of our ev- 
^ being aWe to unfold it. We must content ourselves with ex-^ 
amining the effects of this principle ; as for the eaose, we have 
be^ able 0nfy Hy give it a name, without attaching any other 
Mftning to it than the vague and unsatisfactory idea; of- aft 
unknown agent. 

Gitr^ne: And yet I think I can form a very cleai idea of 
Hfe. 

Mrs. B, Pray let me hear how you would define it ? 

CaroHne* It is perhaps more easy to conceive than to ex^ 
pvess^^t me 6onsider«^s not life the power /which enables 
both the animal and the vegetable creation to perform the vari-* 
0OS functions which nature has assigned to them ? 

MnF» B, I have nothing to object %o your definition ; but you 
will allow me to observe, that you have only mentioned the ef«*/ 
fects which the unknown cause produces, without giving us any 
notion of the cause itself. 

Emily, Yes, Caroline, you have told us what life £foc«, but 
you have not told us what it t«. 

Mrs. B. We may study its operations, but we should puzzle 
o&sdves to no purpose by attempting to form an idea of its 
real nature. - . ^ 

'We^hall begin with eipainining its effects in the vegetsdble 
Woi4d^ wfaieb constitutes the simplest class of organised bodies ; 
these we stmll find d'lstinguished from the mineral creation, not 
01^ hy their more complicated nature, but by the power which 
th^ possess within themsdves, of forming new chemical-ar^- 
rangements of their constitoent parts,^ by means of appropriate 
Gv^m. Tluis, though all^ v^tables are ultimately composed 
of.hydrogen, .carbon, and oxygen, (with a few other occasiooal. 
iii^reGBents,) they separate and coolbine these prindples by 
tlwhr various organs, in a thousand ways, and form, with them, 
di&rerit kinds of juices and solidparU, whkb exist jready made 
iit.v^tafc^, and may, therefore^ be considered as their imm^ 
diate materials. 

Theseare: . 

: Sap, ReainSy 

GftmResinSy 



r, BabamSf 



Qluteuy Extractive colouyifig Matter, 

^fUsed Oily Tanniny 

Volatile Oily Woody Fibrey 

Can^phor^ VegetaXde Acidsy^c 



S8I tomtotmott 

QtmUuB* WllMabng4istlMfnaIIle9^Itli€lIK>fln)ppo8ethat 
a v«|eitible vas composed of half so many ingredients. 

Afrt. B. You must not imagine that evei^ one of these roate-^ 
Hab is formed in eaeh individual plant.' I only mean to say, 
tiMt they are all derived exclusively from the vegetable king*' 
dom, 

Emify, But does each plarticdar part of the plant, such a& 
Ae root, the bark, the stem, the seeds^ the leases, consist of one 
•r these ingredients only, or of sevehil of them combined to^' 
fHher? 

^ M^ B* I brieve there is no part of a plant whsch can be 
said to^onsist sol^y of any one parlicalar ingredi^t ; a c^r* 
tarn number of vegetable materials must ahvays be combined 
lor the formation of any particular part, (of a seed for Instance,) 
and these eombinatioits are carried on by sets of vessels, or mi- 
iMletirgaas, which s^ect from other parts, and bring together, 
Ifaeaeveral principles required ibr the deveiopetnentand grow^' 
«f those particular pahs which they are int«Jided to form andto 
maintain. 

Emify, And are not these comlrinations always regdated'by; 
Ike laws of chemical attraction ? 

Mrs, B» No doubt ; the wgans of plants cannot force prinCtr. 
pies to combine that have- no attraction for each other ; noir 
can they compel iKipenor attractions to yield to those of infei-i- 
orpoirar ; tfaSey proiiably acr rather medmnicdty, tyy^bringing 
iato contact such principles, and ha suck proportions, as will, 
by their chemical comblnatioii, form the various -veg^aiUe pro- 
ducts. 

CarcHim* We nay then consider each of ^lese organs as a 
cttrtousfy constructed apparatus, adapted i&e the perfbriaiante of 
a variety of chemreal processes. 

Mr9. B. Exactly so. As long as the plantlives and thrives; 
the carbon, hydrogen^ and oxygen, (the chief oodstitnents of its 
immediate materitds,) are so balanced and connected together,' 
that (hey are not susceptible of enteringtnto other combinations f 
but no sooner does death take place, than this state of equilibria 
tun is destroyed, and new combinations produced. 

Emly* But why should death desfroy it ; for these princi- 
ples must remam in thcf same proportions, and consequently, I 
should suppose, in the same order of.atto^ctions ? 

Mr%. B. You must remeniber, that In the vegetable, as well 
as in the animal kingdom, it is by the principle of /(/ethat the 
organs are enabled to act ; when deprived oi that agent or sti- 
malus, their power ceases, and an order of attractions^ucce^^ 
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ihlHlar to tbut wbi^ woiM lafce^ place in mtoetiil or imot^aa* 
ised matter. . ^ 

Emily. It is tbts new order of aUractionsy I suppose, thai 
destroys the organisation of the plant after deatK \ for if lb« 
sani^ coHibinations still contimied to prevaii, the plant would 
always remain in the state in which it died ? 
, Mrs, B. And that, you know, is. never^e case; plants may 
be partially preserved for some time after death^ by drying j^ 
but in the natural coorse of events they all return' to the state 
of simple elements \ a wise and admirable disf^nsation of Pr<x 
vidence, by which dead plants are rendered fit to enrich' the 
soil, and become subservient to the nourisbqient of living yeget^ 
ables. 

Caroline. But we are talking of the dissohition of plaotSf 
before we have examined them in their living state* < 

Mrs, B. That is true, my dear. But J wished to give you ft 
general irfea pi the nature of vegetation, before we entered inta 
particulars. Besides, it is not so irrelevant as you suppose t^ 
talk of vegetables in their dead state, since we t^annot analjrase 
tbem .without destroying life ; and it is only, by hastenii^ to 
submit them to exammatipn, immediately after they have eeast 
e^to live, that we can anticipate their natural .decompositu:>n4 
There are two kinds of analysis of which vegetables are sus^ 
ceptible ; first, t]iat which separates theiQ into their ioMnediatt 
materials, such as $ap, resin,, mucilage, &c. ; secondly, that 
which decomposes them into their primitivo elemeitts, as tuPt 
boo, hydrogen, and oxygen. 

. Emily. Is there not a third kind of analysis of plants, which 
consists, in separating, their various parts, as the steoo, the 
leaves, and the several organs of the fiower r , . 

Jlirs. B. That, my dear, is rather the depai$ment of the bo^ 

taiibt ; we shall consider these different parts ot* plants only, 

^ as the organs by which the various secretions or separations are 

perform^ ; but we must first examine the nature of these <e< 

cretion^. 

The sap is the principal material of vegetables, since 4t com 
tains the ingredients that nourish every pact of the planjt. The 
basis of this juice, which the roots suck up from the soil, is wa* 
ter f this holds in soUitkui the various other ingredients requir- 
ed by the several parts of the plant, which are gradiially seere^ 
led from the sap by the difierent organs appropriated to thai 
purpose, ask passes them in circulating through the plant. 

Mucmf or mucilage, is a vegetable substance, which, lite 4111 
th^ others, is secreted from the sap ; when in ^ncessp^it exiMles 
from, trees in the form of gum» 
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or glue? 

Mrs B. It is; almost all fruit4rees yield some sort of gom, 
bat that most commonly osed in the arts is obtained from a spe« 
ci«s of acacia«tree In Arabia^ and is called gumMrcidc^ iir 
forms the chief nourishment of the natives of those parts, \vh^ 
obtain it in great qaaiMhies from incisions whicb they make in- 
the trees. 

CaroUne. I did not know that gum was eatable. 

Mrs. B. There is an account of a whole ship s company be- 
ing saved from starving by feeding on the cargo, which was 
gam Senegal. I should not, however, imagine, that it wo»!cl 
be either a pleasant or a particularly eligible diet to those who 
bave not, Arom their birth, been accustomed to it It is, how« 
ever, frequently taken medicinally, and considered as very 
nourishing. Several kinds of vegetable acids may be itbtain* 
cd, by particular processes, from gum or mucilage, the princi* 
pal of which is called the nmcous acid. v 

Sugitr h not found in iH simple state in plants, but is always 
mixed with gum, sap, « or other ingredients ; this saccharine 
matter Is to ^ met with in every v^etable, but abounds most 
in roots, fruhs, and particularly in the sugaiMrane. 

Emily. If all vegetables contain sugar, why is it extracted 
a^clusively fron the sugar-cane ? 

Mrs. b. Because it is both most abundant in that plant, and 
most easily obtained from it. Besides, the sugars produced by 
other vegetables differ a little in their nature. 

During the late troubles in the West-Indies, when Eutope^ • 
was but Imperfectly supplied with sugar, several attempts were 
made to extract it from other vegetables, and very good sug«e^ . 
was obtained from parsnips and from carrots ; but the pi'ocess 
was too expensive to carry tins enterprise to any extent. 

Caroline. I should think that sugar might be more.easHy oty* 
tained from sweet fraiu, such as figs, dates, Ssc. 

Mrs. B* Probably; but it would be still more expemivey 
^m the high price of those fruits. 

Ermhf. Fnyy in what manner is sugar obtained from the su- 
gar-cane? - 

Airs. B. The juice of this plant iS first expressed by passtbg 
it between two cylinders of iron. It is then boiled with lime-^ 
water, which makes a thick scum rise to the surface. The- 
<:larified liquor is let off below and evaporated to a very 5malL 
quantity, after which it is suffered to crystallize by standkig in 
a vessel, the bottom of which is perforated with holes, that ^re^ 
imperfectly stopped, in order that the syrup may drata off«» 
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^tUte sitgir etoened' by Ms process Is a coarse brown powder, 
«OfDmoQiy called raw or moist sugar ; it undergoes another opr 
itrn^lioa to be r^ned and converted into loaf sugar. For this 
purpose it ts^dk^olyed in water, and afterwards purilied by an 
aoinial fluid called albumen. White of eggs^ chie% consist of 
thi^ fluid, which is also one of the <;onstittt€nt parts of blood ; 
and consequently eggs, or bullocks' blood, are commonly used 
for this purpose. 

The albuminous fluid beii^ diflused through the syrup, com- 
bines with all the solid4mpurities contained in it, and rises with 
tbem to the surface, where it forms a thick scum; the clear li** 
quor is then again evaporated to* a proper consistence, and 
pOured into moulds, in which, by a confused crystallisatUm, it 
forms loaf-sugar. But an additional process is required to whi« 
t^ it; to 1 his eflect the moullNs inverted, and its open base is 
covered with clay, through which water is made to pass; the 
water slowly tricklir^ thr^lgh the sugar, combines with and 
carries off the colouring matter. 

" Caroline, I am very glad to hear that the blood that is used 
to purify sugar dqes not remain in Jt; it would be a disgt^ting 
idesui I have beard of some improvements by the late Mr. 
Howard, in the process of refinmg sugar. Pray what are 
theyf • 

Mrs. B, It would be mnch too long to give you an account 
of the process in detaii. But the principal improvement relates 
t€(F the <niode of evaporatmg the syrup, in order to bring it to the 
consistency of sugar. Instead of boiling the S3mip in a large 
copper, ov^ a strong Are, Mr. Howard carries off the >vater by 
means of a iarge air-pump, in a way similfir to that used in Mr. 
Liestie's experiment for freezing %vater by evaporation ; that is, 
the symp being exposed to a vacuum, the water evaporates 
quickJy, with no greater heat than that of a little steam, which 
is ffHrodueed round the boiler. The air-pump is of course of 
large dimensions, and is worked by a steam engine. A great 
saving is thus obtained, and a striking instance afforded of the 
power of science in suggesting useful economical improvementSt 

'Mmiiy. And pray how b sugar^candy and barley-sugar prer 
paredl^ 

>Jtfr«./B. Candied sugar is nothing tnore thap the regular 
ccystals, obtained by slow evaporation from a solution of sogan 
Barley-sugar is su|ar melted by heat, and afterwards cooled in 
iiiO«sldB of ft spiral form. 

Sugar may be decomposed by it red heat, and, Hke all other 
vegetable substances, resolved into carbonic acid and hydrogen^ 
Tbe^ibrij^atiofi and the decomposition of sugar aflbrd many ve** 

?2 
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ry interesthig partkaiafs, idddi. we AhU Mlf :e»dmim> 9im 
having gone through the other materials of vegetables^ Wi) 
shall Ind that there is reason t^ suppose that sugar is not,. Kke 
the other materials, secreted from the sap by appropHate^^ 
gans; but that it is formed by a peculiar process with ^vt^ch 
you are not yet acquainted. . 

Caroline. Pray, is not honey of the same nature as mg^v;}^ •. 

Mrs, B. Honey is a miiture of saccharine matter and gunii 

Emily. I thought that honey was in some measure an aiu« 
ma! substance, as it is prepared by the bees. 

Mrs. B. It is rather collected by them from flowers, and con- 
veyed to their store-4iouses, the hives. It is the wax only thai 
undergoes a real alteration in the body of the -bee, and is thence 
converted into an animal substance.^ 

Manna is another kind of sugar, which is united with a nau^ 
seoUs extractive mattar, to which it ow^s its peculiar taste and 
colour. It exudes like gum irom va||ous trees in hot climated, 
some of which have their leaves glazed by it. 

The next of the vegetable materials is fecula; this U tins 
general name given to the farinaceous substance contained in 
all seeds^and in some roots, as the potatoe, parsnip, &c. It 
b intende4 by nature for the first aliment of the young yege4^ 
ble; but that of one particular grain is become a favourite and 
most common food of a large part of mankind. 

Emily. You allude, I suppose, ta bread, which is made of 
wheat-^our? 

Mrs. Bi, Yes. . The fecula of wheat contains also another 
vegetable substance which seems peculiar to that seed, or ai 
least has not as- yet been obtained from any other. This is 
^hten^ which }% of a sticky, ropy, elastic nature ^ and it is sup- 
posed to be owing to the viscous qualities of this substance^ that 
wheat-flour forms a much better paste than any other. ; 

Emily. Gluten, by your description, must be very like gum? 

Mrs. B. In their sticky nature they certainly have some re- 
semblance ; but gkten is essentially diflerent from gum in oth- 
er points, and especially in its being insoluble in water, whilst 
gum, you know, is extremely soluble. 

The oi> contained in vegetables all consist of hydrogen and 
carbon in various proportions. They are of two k\ndsy^fiax$i 
and t^o^offie, both of which, we formerly menti<Mied« Do yoKH 

* It was the opinion of Huber^ that the beies prepared the wax fropt 
honey and sugar. Thdne ia, however, found on the leaves of som^ 
^plants a substaope, having all th^ properties of wax ; and that beet* 
wax itself is i]iot ^ animal substance, is clear from iU analysis. C/ 



»^^ii^et hi What t^e ^Iference between fixed and' vdUtile oil 
Consists? 

' £mf^. If Ireeofiect rightly, the former are decomposed by 
h^x, whilst the lalter are merely volatilised by it. 
" Mrs, B. Very IvelL Fixed oil is contained only in the 
^eeds of plants, excepting in the olive, in which it is prodtteed 
in, and expressed ^m, the fruit. We have already observed 
that seeds contain also fecula; these two substances, united 
%vttha little mucilage, form the white substance* contained in 
the seeds or kernels of plants, and is destined for the nourish- 
fsent^the young plant, to whidi the seed gives birth. The 
milk of almonds, which is expressed from the seed of that name. 
Is composed of these three substances. 

Emily, Vts.y^ of what nature is the linseed oil which is used 
in painting? ^ 

Mrs. B. It is a fixed cH^o^ned from the seed of flax. 
JAvX oil, which is frequently MWt for the same purpose, is ex- 
pressed from walnuts. 

Olive oil is that whielwis best adapted to cnlhiary purposes. 

Caroline* And what are the oils used for burning ? • 

Mrs* B, Animal oils most commonly; but the preference 
given to them is owing to their bfeing less expensive; for vege- 
table oils burn equally well, and are more pleasant, as their 
smell is not ofTensive. 

\ Emily i Since oil is so good a combustible, what is the rea^ 
son that lamps so frequently require trimming ? 

M^ B, This^ sometimes proceeds from the construction of 
the lamp, which may not be sufficiently fiivouiable to a per- 
fect combustion ; but there is certainly a defect in the nature of 
oil itself, whkh renders it necessary for the best-constructed 
lamps to be occasionally trimmed .^ This defect arises from a 
portion of mucilage which it is extremely difficdt to separate 
from^the oil, and ^ich being a bad combostible, gathers round 
ttie wick, and thus impedes its combustion, and consequently 
dims the light. 
' Caroline* But H'ill not oils burn without a wick ? 

Mrs* B. Not unless their teniperafure be elevated to five oir 
;*fefx hundred degrees ; the wick answers this purpose, as I think 
*1 once be fore^x plained to you. The oil rises between the fi- 
^bwes^f the cotton by capillary attraction, and the beat of the 
burning wick volatilises it, and brings it successively to the tem- 
perature at Mrhich it is combustible. 

Emily, I suppose the explanation which you have given with 
regard to the necessity of trimming lamps, applies also to can- 
dles, which so often require snuffing ? 
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Mr», BS I believe k does 5 at ieast^ ki some, degree; '* Bttt' 
besides the circumstance just explained, thecommoa sort 0# 
oils are not very highly combustible, so that the heat |m>dQeed 
by a candle, which is a coarse kind of animal oil, being tntnlfr: 
cient to vi^atilise them completely, a quantity of soot is gr«(^ 
i^Iy deposited on the wick, which dims the light, and retards 
the combustien. v^* 

Caroline. Wax candles then contain no incombYlstHile' llla^> 
ter, since they do not require snuffing ? 
. Mn, B. Wax is a much better combustible than talk>tr, but 
still not perfectly so, since it likewise contains some partides^ 
that are unfit lor burning; but when these gather round ihe 
wick, (which in a wax light iscomp^atively small,) they w^b 
It down on one side, and fall off together with the burnt part of 
the wick. M 

CaroUne. As oils are suct^ ffoocmnnbustibles, I wonder that 
they should require so great s# elevation of temperature before 
they begin to burn ? 

Mrs, B, Though fixed oils will not enter into actual combttif^ 
lion below the temperature of about four hundred degrees,^ yet 
they will slowly absotb oxygen at the common temperature of 
the atmosphere. Hence arises a variety of changes in dib 
which modify their properties and uses in the arts* 

If oil simply absorbs, apd combines with oxygen, it {hickens 
and changes to a kind of wax. This change is observed 10 
take place on the external parts of certain vegetables, even d»» 
ring their life. But it happens in many iifistances that the oil 
does not retain all the oxygen which it attracts, but that part of 
it combines with, or bums, the hydrogen oi the oil, thus forn> 
ing a quantity of water, which gradually goes off by evapora^ 
uon. In this case the alteration of the oil consists not only in 
the addition of a certain quantity of oxygen, but in the dtmlnn^ 
tion of the hydrogen. These oils are distinguished by the name 
of drying oils. Linseed, poppy, and nut-oils, are of this de» 
scription. 

Emily. 1 am well acquainted with drying oils, as I continue 
ally use them in painting. But I do not understand why the 
acquishion of oxygen on one hand, and a loss of hydrogen on 
the other, should render them drying ? 

Mrs, B. This, I conceive, may arise from two reasons ; ei- 

* This statement i« too low. None of th^ fixed oils boil at a less 
temperature than ^00 degrees, nor will thej burn until converted intd 
vapour ; consequently they cannot bum at a lower temp<^rature than 
600. C. * 



-Iber from the oxygen ^^i^cli is wiied beinf less favounMe to 
(he state of duidity than the hych-ogen, which is subtracted; or 
from thts^ additional qijantity of oxygen giving rise to new com- 
b^aations, in consequence of which the most fluid parts of the^. 
oil are liberated and volatilised. 

For the purpose of painting, tlie drying q^iality of oil is fur- 
ther increased by adding a quantity of oxyd of lead to U| by 
which means it is more rapidly oxygenated. 

The rancidity of oil is likewise owing to their oxygenation. 
In this case anew order of attraction takes place, from which a 
peculiar acid is formed, called the sebctdc acid. 

Caroline. Since the nature and composition of oil 4s so well 
known, pray could not oil be actually tfMkie, by combining its 
principles ? 

Mrs. B. That is hy no means a necessary consequence ; for 
there are innumerable varieties of compound bodies which we 
can decompose, although we are unable to reunite their ingredi- 
ents. This, however, is not the case with oil, as it has very 
lately been discovered, that it is possible to form oil, by a pe* 
culiar process, from the actionof oxygenated muriatic acid gas 
on hydro-carbonate.* 

. We now pass^ to the volatile or essential oils. These forift^ 
the basis of all the vegetable nerfun^es, and are contained, more 
or l^^, in every part of the plant excepting the seed ; they are, 
a% least, never found in that part of the seed which contains the 
embrio plant. 

Emly^ The smeli of flowers, then, proceeds from volatile 
oil? 

Mrs. B. Certainly ; but this oil is often most abundant in the 
rind of fruits, as in oranges^ lemons, &c. from which it may be 
Mtracted by the slightest pressure^ it is found also in the leaves 
«f plants, and even in the wood. 

Caroline. Is it not very plentiful in the leaves of mint, and 
^ thyme,, and all the sweet^smelling herbs? 

Mrs. B. Yes, remarkably So ; and in geranium leaves also, 
which have a much more powerful odour than the flowers. 

The perfume of saadal fans is an instance of its existence in 
wood. In short, all vegetable odours or perfumes are produced 
by the evaporation of particles of these volatile oils* 

♦ Hydro-carbonate, i« also called olefiani or oil making gas,' on ac- 
count of the Mipposed propeity here mfentioaed. But later experi- 
ments have «howD that Uiti subRtance it forms with chlorine, is not an 
^i» but a kind of ether, ^eace it is now kaowa tt||er thie name ^^klU* 
nc aher. V^ ■ 

22* 
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Emffy. They are^ I suppose, very light, and of very thin c&h* 
MStence, since they are so volatile ? 

Mrs, B, They vary very much in this respect, some of them 
being aMhick as butter, whilst others are as fluid as water, ^sk 
order to be prepared for perfumes, or essences, these oris ar« 
first properly purified, and then either distilled with spirit of 
Wine, as is the case with lavender water, or simply mixed ippith 
a large proportion of water, as is often done with regard to pep- 
permint. Frequently, also, these odoriferous waters are prey- 
ed merely by soaking the plants in water, and distilling. The 
water then comes over impregnated with the volatile oil. 

Caroline. Such waters are frequently used to take spots of 
grease out of cloth, or silk 5 how dtf they produce that effect ? 

Mrs. B. Hy combining with the substance that forms these 
stains; for volatile oils, and likewise the spirit in which they^ 
are distilled, will dissolve wax. tallow, spermaceti, and resins ; 
if, therefore, the spot proceeds from any of these substances, it 
will remove it. Insects of every kind have a great aversion to 
perfumes, so that volatile oils are employed with success in mu- 
seums for the preservation of stuffed birds and other species of 
^niraals. 

Caroline. Pray does not the powerful smell of cannphor pro- 
^xed from a volatile oil ? 

Mrs. B. Camphor seems to be a substance of its own kind, 
r^tnarkable by many peculiarities. But if not exactly of the 
same nature as volatile oil, it is at least very analogous to it. It 
is obtained chiefly from the camphor-tree, a species of lailrel 
which grows in China, and in the Indian isles, from the stt^m 
and roots of wl^ch It is extracted.* Small quantities have also 
been distilled from thyme, sage, and other aromatic plants; and 
it is deposited in pretty large quantities by some volatile oils aC^ 
ter long standing. It is extremely volatile and inflammable. 
It is msoluble in water, but is soluble in oils, in which state, as 
well as in its solid form, it is frequently applied to medfcinaf 
purposes. Amongst the particular properties of camphor, 
there is one too singular to be passed over in silence. If you 
take a small piece of camphor, and place it on the surface of a' 
lyason of pure water, it will immediately begin to move round' 
wnd round with great rapidity ; but if you pour into the basin a 
sangU drop of any odoriferous fluid, it will instantly put a stop 
$0 this motion. Tou can at any time try this very simple exr 

* Caittpkior com^biefly fram Japaa. It is obtaiaed* by diatilliDg 
the wood of the la&Km camplwra^ or camphor tree, with water, ia 
large iroa poti, with earthen capt stuffed with 8|raw» The caq^i^or 
■Qblittes and concretes upon the straw. C 
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peirmieut ; but you must not expect tbat I shall be able to ac« 
-count for this phenomenon, as nothing satisfactory has yet been 
advanced for its explanation. 

» Caridine. It is very singular indeed ; and | will certainly 
try the experiment. Pray what are resinsy which you just now 
mentioned? 

Mrs, B. They are volatile oils, that have been acted on, and 
peculiarly modified, by oxygen. 

Caroline. They are, therefore, oxygenated volatile oils ? 

Mrs. i?. Not exactly 5 for the process does not appear to 
consist so much in the oxygenation of the oil, as inthecombu9* 
tlon of u portion of its hydrogen, and a small portion of its car* 
bon. For when resins are artificially made by the combination 
of volatile oils with oxygen, the vessel in which the process is 
performed is bedewed with water, and the air included within 
is loaded with carbonic acid. . 

Emily. This process must be, in some respects, similar to 
that for preparing drying oils ? 

Mrs. B. Yes; and it is by this operation that both of them 
acquire a greater degree of consistence. Pitch, tar, and tur- 
pentine, are the most common resins; they exude from the pine 
and fir trees. Copal, mastic, and frankincense, are also of tins 
class of vegetable substances. 

Emily. Is it of these resins that the mastic and copal varnish* 
es, so much used in painting, are made ? 

Mrs. B. Yes. * Dissolved either in oil, or in alcohol, resins 
form varnislies. From these solutions they may be precipita* 
ted by water, in wliich they are insoluble. This 1 can easily 
show you. — if you will pour some water into this glass of mas- 
tic varnish, it will combine with the alcohol in which the resin 
is dissolved, and the latter will be precipitated in the form of a 
white cloud — 

Kmily. It is so. And yet how is it that pictures or draw- 
ings, varnished 'with this solution, may safely be washed witlr 
water ? 

Mrs. B. As the varnish dries, the alcohol evaporates, and 
the dry varnish or resin wkiA-emains, not being soluble in wa- 
ter, will not be acted on b^W> 

There is a class of compound resjns called gum resins^ 
which are precisely what their nanie denotes, that is to say, re- 
sins combined with mucilage. Myrrh and assalcetida are of 
this description. 

CaroUne, Is it possible that a substance of so disagreeable a 
smell as assafcetida can be ibrmed from a volatile oil ? 

Mrs. B. The odour of volatile oils is by no means always 
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graftful. Onions and garlic derive their saselh from votatBt 
oils, as well as rgses and lavender. 

There is still anotlier form under which Volatile oils present 
themselves^ which is that of bahama. These <»>nstst of resrn^* 
OU8 juices combined with a peculiar aeid^ called the benzoic ac^^ 
id. Balsamsappear to have been originally volatile oils,* the^ 
oxygenation of which has converted one part into a resin, and^ 
the other part into an acid, which, combined together, foma a 
balsam ; such are the balsams of Pern, Tola, &c. \ 

We snail now take leave of the oils and their various modi* 
fications, and proceed to the next vegetable substance, which is 
CQicmtchoMc, This is a white milky glutinous fluid, which ac*. 
quires consbtence, and blackens in drying, in which ^state it 
forms the substance with which you are so well acquainted, un- 
der the nwrne of gum*elastic. 

Caroline. I am surprised to hear that gunvelastic was ever 
white, or ever fluitl ! And from what vegetable is h procured ? 

Mr6. B, It is obtained from two o.r three different species oC 
trees, in the East-Indies, and. South- America, by making incjr' 
sions in the stem. The juice is collected as it trickles from 
these incisions, and motdds of clay, m the form of little bottles 
of gum-elastic, are dipped into it. A layer jof thb juice ad-- 
heres to the clay and dries on it: and several layers are suc- 
cessively added by repeating this till the botde is of su/ficient' 
thickness. It is then beaten to break down the clay, which is 
easily shaken out. The natives of the countries where this 
substance is produced sometimes make shoes and boots of it by 
a similar process, and they are said to be extremely pleasaiift: 
and serviceable, both fiom their elasticity^ and their being .water- 
proof. 

The substance whicli comes next in our enumeration of the 
immediate ingredients of vegeta*>les, \s eoctractive matten This- 
is a term, which, in a general sense, may be applied to any sub- 
stance extracted from vegetables ; but it is more particularly*' 
understood to relate to theextractiveeo/ourin^ma^^er of plants. 
A great variety of colours «re prepared "from the vegetable 
kingdom, both for the purposes '^||iMunting and of dying ; aU 
the colours called lakes are of tMKscription 9 but they arc 
less durable than mineral colours, for, by long exposure to the. 
atmosphere, they either darken or turn yellow. 

Emily. I know that in painting, the lakes are reckoned far 

* This is an erroneoas idea. Balsams are original and pecxiliar sub- 
ttaoces, and.consist cbieily of resinous matter in a stimiiluid state. 
The benzoic acid is most probably formed during the process b% whicH 
rtisobtaiaed. C. 
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kss cbtmUe eolowt tltao Ihe oclures ; but what is the reason of 
it? 

' Mrs, JB. The change wbkh takes place in vegetable colours 
is owing chiefly to the oxygen of the atmosphere slowly bum* 
ing their byckc^en, and leaviag, in sooie measure, the blackness 
<^ the carbon exposed. Such changes cannot take pJace in 
echre,. which is altogether a mineral substance^ 

Vegetab^ colours have a stronger affinity for animal than 
ibr vegetable substances, and this is supposed to be •owing to a 
small quantity of nitrog^ which they contain. Thus, silk and 
worsted will take a much finer vegetable dye than linen and 
eotton. 

CaroHne. Dying, then, is quite a chemical process ? 

Mrs. B. Undoubtedly. The condition required to form a 
good dye is, that the colouring matter should be precipitated, 
or fixed, on the substance to be dyed, and should form a com- 
pound not soluble jn the liquids to which it will probably be 
exposed. Thus, for instance, printed or dyed linens or cottons 
must be aUe to resist the action of soap and water, to which 
tbey must necessarily be subject in washing ; and woollens and 
sfiks should withstand the action of grease and acids, to which 
t\my may accidentally be exposed. 

CaroUne, But if linen and cotton have not a sufficient affini* 
ty for colouring matter, how are they made to resist the action 
oif washing, which they always do when they are well printed I 

Mrs* B. When the substance to be dyed has either no afito* 
ity for thecolounng matter, or. not sufficient power to retain it, 
the combinatim) is effected, or strengthened, by the intervention 
of a third substance, called a mordanty or basis. ^The mordant 
must have a strong affinity both for the colouring matter and the 
substance to be dyed, by which means it causes them to com- 
bine and adhere together. 

CaroUne, And what are the substanoeifthat perform the ofr 
^fe cff thus reconciling the two adverse parties ? 

Mrs* B, The most common mordant is sulphat of alumine, or 
akms. Oxyds of tin and iron, in the state of compound saltSi^ 
are likewise used for that purpose. 

Tannin h another vegetable ingredient of great importance 
in the arts. It is obtained chiefly from the bark of trees ; but 
it is found abo in nut-galls, and in some other vegetables. 

Emily. Is that the substance commonly called tony which is 
used in hot houses ? 

Mrs. B. Tan is the pr^pai^ bark in which the peculiar sub. 
stance, tannin, isf contained^ But the use of tan in hot4iouse8 
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ii of mueh lets iBf^xirtaiicethan in the 0{>eriftloa oi ^miimg'jby 
which the skin is converted inio leather. 

Emily. Pray? how b this operation performed ? 

Mr$» B, Various methods are employed for ^his pnrpos^, 
which all consist in exposing skin to the action of tannin, ot^ 
substances containing this pi indple, in sufficient qtmntities, and 
disposed to yield it to the skin. The most usual way ts tah»< 
fuse coarsely powdered oak bark in water, and to keep thcr skin 
immersed in this infusion for a certain length of time. During 
this process, which is slow and gradual, the skin is found to 
have increased in weight, and to have acquired a considen^le 
tenacity and impermeability to water. This eflfect may -be 
much accelerated by using strong saturations of the tanning 
principle (which can be extracted from bark,) instead of «m« 
ploying the bark itself. But this quick mode of preparatioB 
does not appear to make equally good leather. 

Tannin is contained in a great variety of astringent vegetable 
substances, as galls, the rose-tree, and wine ; but it is no wh^re 
so plentiful as in bark. All these substances yield it to watef^ 
from which it may be precipitated by a solution of isinglass, or 
glue, with which it strongly unites and forms an insoluli^e c6m* 
pound. Hence its valuable property of combining with skhl^, 
(which consists chiefly of glue,) and of enabling it to resist "flie 
action of the water. 

Emily. Might we not see that effect by pouring a little melt- 
ed isinglass into a glass of wine, which you say contains tan- 
nin ? 

Mrs. B. Yes. I have prepared a solution of isinglass for 
that very purpose. — Do you observe the thick muddy ptedpl- 
fate ? — That is the tannid combined with the isinglass. 

Caroline. This precipitate must then be of the same natu^ 
as leather ? 

Mr^, B. It is composed of the same ingredients ; but the 
organisation at)d texture of the skin being wanting, ithasiieith^ 
the consistence nor the tenacity of leather. 
. CctroUue, One might suppose that men who drink large 
quantities of red wme, stand a chance of having the coats of 
their stomachs converted into leather, since tannm has so strong 
an affinity for skin ? 

A^rs. B. It is hot impossible but that the coats of their stom- 
achs may be, in some measure, tanned, or hardenechby thi^ con^ 
stant use of this liquor ; but you must remember that where 41 
number of other chemical agents are concerned, andy above 
all, where Hfe exists, no certain chemical inference can be 
drawn. . 
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; l^ust fiot^j^mias thts subject, without menlioiiing a recent 
discovery of Mr. Hatchett, which relates to it. This gentle- 
man found that a substance very similar to tennin, possessing all 
its leading properties, and actually capable of tanning leather^ 
may be produced by ejq^osing carbon, or any substance con« 
tftiaing carbonaceous matter, whether vegetable, animal^ '^r mi- 
Q<eral, to the action of nitric acid.* 

Caroline. And is not this discovery very likely to be of us« 
U> manufactures ? ' 

^ Mrs, B. That is very doul^tful, because tannin, thus artifi- 
qiaily prepared, must probably always be more expensive than 
that which is obtained from bark. But the fact is extremely 
curious, as it afibrds one of those very rare instances of chemis* 
try being able to imitate the proximate principles of organised 
^dies. « 

The last of the vegetable materials is woody fibre ; it is the 
t^rdest part G( plants. The chief source from which thb sub- 
stance is derived is wood, but it is also contained, more or less, 
in every solid part of the plant It forms a kind of skeleton of 
the part to which it belongs, and retains its shape after ail the^ 
other materials have disappeared. It consists chiefly of car- 
bon, united with a small proportion of salts, and the other con- 
stituents common to all vegetables. 

Emily. It is of woody fibre, then, that the common charcoal 
is made ? 

, Mra. B, Yes. Charcoal, as you may recollect, is obtained 
from wood, by the separation of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be 
proper, at least, to enumerate the several vegetable acids which 
we either have had, or may have occasion to mention. I be* 
Ueva I formerly told you that their basis, or radical, was uni- 
formly composed of hydrogen and carbon, and that their dif- 
ference consisted. only in the various proportions of dxygen 
which they contained. • 

The following are Hie names of the vegetable acids : 
The mucous addy obtained from gum or mucilage ; 
Sukerie - - from cork ; 

• To make artificial tannin, Mr Hatchett used 100 grains of char^ 
coal with 500 of nitric acid, diluted with twice its weight of water, 
This mixture was ^eated and then suffered to digest for two days ; 
more acid was then added, and the digestion continued untill the char- 
coal was dissolved. The solution being evaporated to dryness, 
Iraves a dark brown mass. This is the tannin in question. Its taste is 
bitter and highly astringent. C. 
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Camphorie - * frwn camphor ; 

Benxmc - - from balsams ; ■ - 

GcMe - - from galls, bark, &c. 

Malic - - from ripe fruits , 

Citric - - from lemon juice ; ^ 

(SxaHc - -' from sorrel^; ' ' , 

Succinic - - from amber 5 ^ 

Tartaroue - - from tattrit of potash 5 

Ac^c - - from vinegar. 

Thej are all decomposable by heat, soluble rn water, and 
turn vegetable blue colours red. The auccinicy the tartarous, 
and the acetous acids, are the products of the decomposition 
•4fi vegetables, we «hall, therefore, reserve their examination for 
a future period. ' 

The oxalic acidy distitled from sorrel, is the highest term of 
vegetable acidification ; for, if more oxygen be added to It, it 
loses its vegetable nature, and is resolved into carbonic acid and 
water ; therefore, though all the other acids may be converted 
into the oxalic by an additioti of oxygen, the oxalic itself is t)Ot 
susceptible of a further degree of oxygenation 5 nor can it be 
made, by any chemical processes, to return to a state of lower 
scidification.^ 

To conclude this subject, I have only to add a flw words on 
the gaUic acid ... , 

Caroline* Is not this the same acid before mentioned/ which 
forms ink, by precipitating sulf$hat of iron from its solution ? 

Mrs* B, Yes. Though it is usually extracted from gatts, on 
account of its being most abundant in that vegetable substance; 
it may also be obtained from a great variety of plants. It con- 
stitutes what is called the astringent principle of vegetables ; 
it is generally combined with tannin, and you will find that an 
infusion of tea, coffis^, bark, red wine, or any vegetable sub- 
stance that contains the astrinuent principle, will make 2| bkck 
precipitate with a solution of sulphat of iron. 

Caroline. But pray what are galls ? ' ' -*" 

Mrs. B. They are excrescences which grow on the bark' 6^ 

^ Oxalic aeid may be formed artificially.. Put one ounce of white 
sugar, powd«Mred, intaa retort, and pour oo three oaoces of nitric acid« 
IVhen the solution is orer, make the liquor bolt, and when it acquires 
a reddish-hrown colour, add three ounces more of nitric acid. Con- 
tinue the boiling until! the fumes cease, and the colour of the liquor 
vanishes. Thep let the liquor be poured into a wide vessel, and ott 
ci>olinf. white, sleadercrystalswiU be ibrmed, These ftrdoauJicsuiid. 

C. 
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young oaks, and are oce^ioned by an insect wfaic^ wounds the 
bark of tree?, and lays its eggs in the aperture. The lacerated 
vessels of the tree then discharge their contents, and form an 
• «xcrescence, which affords a defensive covering for these eggs. 
The insect, when come to life, first iieeds on this excrescence, 
and some time afterwards eats its way out, as it appears from a 
hole which is formed in all gall-ni^that no longer contain an 
insect. It is in hot clinaates only mat strongly astringent gall- 
nuts are found ; those which are used for the purpose of ma- 
king ink are brought frokn Aleppo. 

^ Emily, But are not the oak*apples, which grow on the leaves 
of the oak in this, country, of a similar nature ? 
. Mrs. B. Yes; only they are an inferior species of galls, 
containing less of the astringent principle, and therefore less 
applicable to useful purposes. 

CantUne, Are the vegetable acids never found but in their 
pure uncombined state?. 

•-. Mrs. B. By no means ; on the contrary, they are frequently 
met with in the state of conipound salts ; these, however, are in 
general not fully saturated with the salifiable bases, so that tb^ 
acid predominates; and, in this state,. they are called acidulotm 
salts. Of this kind is the salt called cream of tartar. 

Caroline, Is not the salt of lemon, commonly used to take 
out iok*sp()ts and stains, of this nature ? 

Mrs. B. No ; that salt consists of the oxalic acid, combined 
with a little pot&sh. It is found in that state in sorrel. H 

> Caroline. And pray how does it take out ink-spots ? 

Mrs. B. By uniting witK the iron, and rendering it soluble 
in water. 

Besides the vegetable materials which we have enumerated, 
a variety of other substances, common to the three kingdomS| 
aire found iu vegetables, such as potasli, which was formerly 
supposed to belong exclusively to plants, ^nd was, in conse- 
quence, called the vegetable alkali. 

Sulphur, phosphorus, eartlis, and a variety of metallic oxyds, 
are also found in vegetables, t|ut only in small quantities. And 
we meet sometimes with neutral salts, formed by the combina* 
tion of these ingredients. 
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CONVERSATION XXI. 

ON THE DECOMPOSITION OF VEGETABLl^S. 

Caroline, The account which you have given us, Mrs. BU, 
of the materials of vegetables, is, doubtless, very instructive but 
it does not completely satisJj^iy curiosity. I wish to know bowr 
plants obtain the principles from which their various materials 
are formed ; by what mtans these are converted into vegetable 
matter, and how ^hey are connected with the life of the plant ? 

Mrs, B, This implies nothing less than a complete nisiory 
of the chemistry and physiology of vegetation, subjects on 
which we have yet but very imperfect notions. Still I hope 
that I shall be able, in some measure, to satisfy your curiosity. 
But, in order to render the subject more intelligible, I must ^t 
make you acquainted with the various ciuinges which vegeta^ 
bles undergo, when the vital power no longer enables them to 
resist the common laws of chemical attraction. 

The composition of vegetables being more complicated than 
that of minerals, the former more readily undergo chemic8^ 
changes than the latter i for the greater the variety of attrac* 
|ions, the more easily is the equilibrium destroyed, and a new 
prder of combinations introduced. 

J^mily. lam surprised that vegetables should be so easily 
^usceptible of decomposition 5 for the preservation of the veg- 
etable kingdom is certainly far. more important than that of 
ininerals. , * . 

Mrs, B, You must consider, on the other hand, how mucji 
more easily the former is renewed than the latter. The . de- 
composition of the vegetable takes place only after the death of 
the plant, which, in the common course of nature, happens 
when it has yielded fruit and seeds to propagate its species. If, 
instead of thus finishing its career, each plant was to retain its 
form and vegetable state,^it would become an useless burden to 
the earth and its inhabitants. When vegetables, therefore, 
cease to be productive, they cease to live, and nature then be- 
gins her process of decomposition, in order to resolve them in- 
to their chemical constituents, hydrogen, carbon, and oxygen ; 
tho$e simple and primitive ingredients, ivhichshe keeps \m stor^ 
for all her combinations. 

Emily, But since no system of combination can be destroy- 
ed, except by the establishment of another order of attractioh^^ 
bow can the decomposition of v^etables reduce them to tfieir 
simple elements ? 
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Mrs. B, It is a very Jong (irocess^ 4urmg wbich a variety of 
new combinations are successively established and successively 
destroye4 ; but, in each of theSe changes, the ingredients of 
vegetable matter tend to unite in a more sira^yle order of com- 
pounds, till they are at length brought to their elementary state^ 
or at least, to their most simple order of combinations. Thus 
^u will fintl that vegetables are in the end almost entirely re- 
duced to water and carbonic acid; the hydrogen and carbon 
dividing the oxygen between them, so as to form with it these 
two substances. But the variety of intermediate combinations 
that take place during the severd stages of the decomposition of 
vegetables, present us with a new set of compounds, well wor- 
thy of our examination. 

Caroline. How is it possible that vegetables*, while putrefy- 
ing, should produce any thing worthy of observation ? 

Mrs. B, They are susceptible of undergoing certain changes 
before they arrive at the state of putrefaction, which is the final 
term of decomposition; and of these changes we avail ourselves 
for particular and important purposes. But, in order to make 
you understand this subject, which is of considerable import- 
aince, I must explain it more in detail. 

The decomposition of vegetables is always attended by a 
vioTent internal motion, produced by the disunion oif one or- 
der of particles, and the combination of another. This is call- 
ed FEBJMENTATioN. There are several periods at which this 
process stops, so that a state of rest appears to he restored, and 
the new order of compounds fairly established. But, unless 
qneans be used to secure these new combinations in their actual 
^te, their duration will be but transient, and a new fermenta- 
tion will take place, by which the compound last formed will be 
destroyed; and another, and less complex order, will succeed. 

Emily, The fermenta^ons, then, appear to be only the suc- 
cessive steps by which a vegetable descends to its final dissolu^ 
tipn. 

Mrs. B. Precisely so. Your definition is perfectly correct. 
* Caroline. And how many fermentations, or new arrange- 
ments, does a vegetable undergo before it is reduced to its sim- 
ple ingredients ? . 

' Mrs, B. Chemists do not exactly agree in this point; but 
ftiere are, 1 think, four distinct fermentations, or periods, at 
which the xlecompositton of vegetable matter stops and chan- 
ge's its course. But every kind of vegetable matter is not equal- 
ly susceptible of undergoing all these fermentations. 

There are likewise several circumstances required to prp- 
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dace Ibnoeotmiofi. Water and a cenaiii d^^^^cte of. i|ec|€ a^e 
both e9seiitial to this process, in order to separate the particli^s^ 
and thus weaken their force of cohesion, that the new chemio* 
»\ affinities may be brought into action, ^ • 

Caroline. In frozen climates, then, how can the sponitan£Qi» 
decomposition of vegetables talie place ? r 

Ms. B. It certainly cannot; and, accordingly, we find 
scarcely any vestiges of vegetation where a constant frost pre- 
vails. 

Caroline. One would imagine that, on the contrary, ^i|eh 
spots would be covered with vegetables; for, since they caonpt 
be decomposed) their number, must always increase. 

Mrs. B. But, my dear, heat and water are quite as esseo^l 
lo the formation of vegetables, as they are to their decouiposi^ 
tion. Besides, it is from the dead vegetables, reduced to their 
elementary principles, that the rising generation is supplied 
with sustenance. No young plant, therefore, can grow ^n^ess 
its predecessors contribute both to its formation and support ^ 
and these not o^\y furnish the seed from which the new plaiit 
springs, but likewise the food by which it is nourished. 

Caroline. Under the torrid aone, therefore, where water is 
never frozen, and the heat is very great, both the processes of 
vegetation and of fermentation must, I suppose, be extremely 
rapid? 

Mrs.B. Not so much as you imagine : for in such climates 
great part of the water which is required for these processes. Is. 
in an aeriform state, which is scarcely more conducive either to 
the growth or formation of vegetables than that of ice. In 
those latitudes, therefore, it is only in low damp situations, shel* 
tcred by woods from the sun's rays, that the smaller tribes of 
vegetaUes can grow and thrive during the dry seascm, as dead 
vegetables seldom retain water enough^o produce ferroentatipn, 
hat are, on the contrary, soon dried up by the heat of the sun, 
which enables them to resist that process ; so that it is not till 
the fall of the autumnal rains (which are very violent in such 
dimates,) that spontaneous fermentation can take place. 

The several fermentations derive their names from their 
principal products. The 6r§t is called the saccharine fpm^^ 
a^ton, because its product is si^<zr. .. 

Caroiine. But sugar, you have told us, is found in all veg^* 
6les ; it cannot, therefore, be the product of their decompoii- 
tion. , 

Mrs. B, It is true that this fermentfition is not cofined to ike 
decomposition of vegetables, as it continually takes place duri|ig 
their life; ami, indeed, this circumstance has, till lately, pii?- 
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' Witted it from being considered as one of the fermentations. 
' But the process appears so analogous to the other fermentations^ 
ami the formation of sugar, wrhether in living or dead vegetable 
matter is so evidently a new compound, proceeding from the 
destruction of the previous order of combinations, and essential 
to the subsequent fermentations, that it is now, I believe, gene- 
• rally esteemed the first step, or necessary preliminary, to de- 
composition, if not an actual coiftmencement of that process. 

Caroline, I recollect your hinting to us that sugar was suppo* 
sed not to be secreted from the sap, in the same manner as mu- 
cilage, fecula, oil, and the other ingredients of vegetables. 

Mrs, jB. It is rather from these materials, than from the sap 
itself, that sugar is formed 5 and it is developed at particular 
periods, as you may observe in fruits, which become sweet in 
ripening, sometimes even after they have been gathered. Life, 
therefore, is not essential to the formation of sugar, whilst on 
the contrary, mucilage, fecula, and the other vegetable materials 
that are secreted from the sap by appropriate organs, whose 
' powers immediately depend on the vital principle, cannot be 
produced but during the existence of that principle. 

Emily, The ripening ^4(tts ^h ^^^<>9 ^^^^^ ^^^ ^^^ ^^ ^^* 
strtiction, as well as theirTli$t|pwards perfection ? 

Mrs, B. Exactly. — -A prii^ss analogous to the saccharine;^ 
fermentation takes place also during the cooking of certain ve- 
getables. This is the case whh parsnips, carrots, potatoes, &c. 
in which sweetness is developed by heat and moisture; and we 
know that if we carry the process; a little farther, a more com- 
plete decomposition would ensue. The same process takes 
place abo in seeds previous to their sprotiting. 

CkiroUne, How do you reconcile this to your theory, Mrs. 
'B. ? Can you sitppose that a decomposition is the necessary 
precursor of life ? 

Mrs, B, That is indeed the case. The materials of the seed 
must be decomposed, and the seed disorganized, before a plant 
can sprout from it. Seeds, besides the embrfo plant, contain 
(as we have already observed) fecula, oil, and a little mucilage. 
These substances are destined for the nourishment of the future 
|)lant 5 but they undergo sonae change before they can be fit for 
this function. The seeds, when buried in the earth, with a cer- 
tain degree of moisture and of temperature^ absorb water, 
^hicb dilates them, separates their particles, and introduces a 
new order of attractions, of which sugar is the product* The 
substanceof the seed is thus softened, sweetened, and converted 
' io^ a sort of white milky pulp, fit for the nourishment of the 
embrio plant. 

23* ^ 
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The saccharine fermentation of itSieds ts ar^Aciatty pfodoced^ 
for the purpose of making maU^ by the foHoWiM^ procc^s^^— --A 
quantity of barfey is first soaked in water for two or three days : 
Ai^ water being afterwards drained off, the grdn heats sponta^ 
neously, swells, bursts, sweetens, shows a disposition to'germin** 
ate, and actually sprouts to the length of an inch,' when 3ie pMM 
cess b stopped by putting it into a kiln, where it is well dried 
at a gentle heat In this stale it is crisp and friable, and cort« 
stitutes the substanc#ca1led ma^, which is the pritici|ud |ngredi* 
cm of beer. 

Emily, But I hope you will iA\ us how malt is made Into 
beer? 

Mrs. B. Certainly ; but I must first explain to you the na<> 
lure of the second fermentation, which is essential to that ope^ 
ration. This is called the vinous fermerUatioiHy becauselts pro- 
duct is wine* 

Emly, How very different the decomposition of vegetable 
is from what I had imagined ! The pioducts of their disorgani- 
sation appear almost superior to those which they yield during 
theirstateof life and perfection. 

Mrs, B, And do you not, at tUisMie time, admire the beau- 
tiful economy of Nature, which,||rhetner she creates, or whetb- 
•er she destroys, directs all her operations to some useful snd 
benevolent purpose ? — It appears that the saccharine fermenta* 
tisn is extremely favourable, if not absolutely essential, as a 
previous step, to the vinous fermentation ; so that if sugar be 
not developed during the life of the plant, the saccharine fer- 
mentation must be artificially produced before tlie vinous fer- 
mentation can take place. This is the case with barley, which 
does not yield any sugar until it is made into malt ; and it 
is in that state only that it is susceptible of undergoing the vi- 
nous fermentation by which it is converted into beer. 

Caroline, But if the product of the vinous fermentation is 
always wine, beer cannot have undergone that process, for Iwrer 
is certainly not wine. 

Mrs, B, Chemically speaking, beer may be considered as 
the wine of grain. For it is the product of the fermentation of 
malt, just as wine is that of the fermentation of grapes, or other 
"fruits. 

The consequence of the vinous fermentation is the decompo- 
sition of the saccharine matter, and the formation of a spiritu- 
ous liquor from the constituents of the sugar. But^ in order to 
promote this fermentation, not only water and a certain degree 
of heat are necessaiy, but also some other vegetable ingredients, 
besides the sugar, as fbcula, muctiage, ackte, sito, ei^nK^ve 
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matter^ &c. dl of wMch seem to contribt^le to ^s process; aitd 
give to the liquor its peculiar taste;. 

Emily. It is^ perhaps^ for this reason that wine is not|obtaia^ 
ed kom the fermentation of pure sugar;' but that fruits arecho* 
8efrif(>r.t)iat purpose, as they contain not only sugar, but like* 
wise the other vegetable ingredients wfai$;h promote the vinous 
fermentation, and give the peculiar flavour. 

Mr^iS, CertaiiUy^ And you must observe also, that the re» 
lative quantity of sugar is not the only circumstance to be con* 
sidered in the choice of vegetable juices ftu* the formation of 
iNrine^<}therwis^ the sugar*caae would be best adapted for that 
purpose. It is rather £e manner and proportion in which th« 
sugar is mixed with other^ vegetable ingredients that influences 
the production and qualities o( wine. And it is found that tbe 
juice of the grape not only yields the most considerable propor* 
tion of wine, but that it likewise aflprds it of the most gratefitl 
flavour. 

Emily, I have seen a vintage in Switzerland, and I do lut 
irecoUect that heat was applied, or water added,, to producj? the 
fermentation of the grapes. 

. Mr^, i-i. The common temperature of the atmosphere In the 
cellars in which the juice of the grape is fermented is sufliciently 
;warm for this^ purpose; and as the. juice contains an ample sup- 
ply of water, there is no occasion lor any addition of it. Bui 
when fermentation is produced ip dry nnnt, a quantity of water 
must necessarily be added. 

Emily. But what are precisely the changes that happen du^ 
ifing the vinous fermentation ? 

Mr8, B* The sugar is decomposed, and its constituents are 
reeombined into two new substances; the one a peculiar liquid 
substance, called cAcokoloT Hpinit of wine, which remains in 
the fluid ; the other, carbonic acid gfts, which escapes during 
the fermentation. Wine, therefore, as 1 before observed, in a 
general point^f view, may be considered as a liquid of which 
aicoiipl constitutes the essential part. And the varieties of 
. strength and flavour o( the difierent kinds of wine are to be at* 
tributed to the diflerent qualti^ies of the fruits from which they 
are obtained, independently of the sugar. 

Caroline. 1 am astonished to' hear that so powerful a liquid 
as spirit of wine should be obta'med from so mild a substance 
BS sugar. ■ f 

' Mr^.B. Can you tell me in what the principal difierence 
' cofl^sts between alcohol and sugar ? 

*" Caroline. Let xne reflect .... Sugar consists of carbon, hy- 
^Nrogeii) and oxygen. If carbonic aci4 k^ subtracted from it, 
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dtdriDg tlie Ibniiation of aleohd, the latter will contain hess car- 
bon and oxygen than sugar does ; therefore hydrogen must be 
the prevailing principle of alcohol. 

Mrs. jB. It is exactly so. And this very large proportion of 
hydrogen accounts for the lightness and .combustible property of 
aieohol, and of spirits in general, all of which consist of alcohol 
variously modified. 

Bmty. And can sugar be recomposed from the combinatioD 
of alcohol and carbonic acid ? 

Mrt. B. Chemists have never been able to succeed in eflect*- 
ihgthis ^ but from analogy, I should suppose such a recom po- 
sition possible. Let us now observe more particularly the phe- 
nomena that take place during the vinous fermentaiion. At the 
commencement of this process, heat is evolved; and the liquor 
swelb considerably from the formation of the carbonic acid, 
which is disengaged in such prodigious quantities as would be 
fatal to any person who should unawares inspire it ; an acci- 
dent which Ims sometimes happened. If the fermentation be 
Stopped by putting the liquor into barrels, before the whole of 
the carbonic acid is evolved, the wine is brisk, like Champagne, 
from the carbonic acid imprisoned in it, and it tastes sweet, like 
cyder, from the sugar not being completely decomposed. 

Emily. But I do not understand why heat should be evolved 
during this operation. For, as 4 here is a considerable forma- 
tion of gas, in which % proportionable quantity of heat must 
become insensible, I should have imagined that cold, rather 
than heat, would have been produced. 

Mrs. B. It appears so on first considemtion ; but you must 
recollect that fermentation is a complicated chemical process ; 
and that, during the decompositions and recompositions atten- 
ding it, a quantity of chemical heat may be disengaged, suffi- 
cient both to develope the g&s, and to efiect an increase of tem- 
perature. When tlie fermentation is completed, the liquid 
cools and subsides, the efiervescence ceases, and the thick^ 
flweet, sticky juice of the fruit is converted into a clear, trans- 
parent, spiritous liquor, called wine. 

Emily. How much I regret not having been acquainted with 
Uie nature of the vinous fermentation, when I had an opportu- 
nity of seeing the process ! 

Mrs. B. You have an easy method of satisfying yourself In 
that respect by observing the process of brewing, which, in eve- 
ry essential circumstance, is similar to that of maktpg wine, 
wad is really a very curious chemical operation. 

Although we cannot actually make wine at this moment, it 
will beeasj to show you the mode of.amdyzing it. This i$ 
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done by distiUatkm. Wlien mne of any kind ts siil^iilkted to 
this operation^ it is found to contain brandy, water, tartar, e3[i^ 
tractive colouring matter, and some vegetable acids. I bare 
put a little port wine into this alembic of glass /Plats XIV* 
%. 1.,) and on placing the lapap under it, you wiu soon see the 
spirit and water successively come over — 

Emily. But you do not mention alcohol amongst the pfXh 
duct$ of the distillation of wine ; and yet that is its roost es- 
sential ingredient ? 

Mrs. B. The alcohol is contained in the brandy which is now 
coming over, and dropping from the still. Brandy is^ nothing 
more than a mixture of alcohol and water ; and in^ order to 
obtain the alcohol pure, we mtist again distil it from brandy. : 

CaroliTie, I have just taken a cbrop on my finger ; it tastes 
like strong brandy, hut it is without colour, whibt brandy is 
of a deep yellow. 

Mrs. B. It is not so naturally; in its pure state brandy is 
colourless, and it obtains the yeilow tint you observe, by ex*- 
iracting the colouring matter from the new cmken casks in which 
it is kept. But if it does not acquire the usual tinge in this 
way, it is the custom to colour the brandy used in this country 
artificially, with a little burnt sugar, in order to give it the ap- 
pearance of having been long kept. 

Caroline. And is rum also distilled from wine ? 

Mrs. B. By no means ; it is distilled from the sugar-cane, a 
plant which contains sa great a quantity of sugar, that k yields 
more alcohol than almost any other v^etable. Alter the juice 
of the cane has been pressed out for making sugar, what Jtlll 
remains in the bruised cane is extracted by water, and this wa* 
tery solution of sugar is fermented, and produces rum. 

The spirituous liquor called arack is in a similar manner dis^ 
tilled from the product of the vinous fermentation of rice. 

Emltf. But ric€^ has no sweetness ; does it contain any su- 
gar ? 

Mrs. B. Like barley and most other seeds^ it is insipid oosQ 
It has undergone the saccharine fermentation ; and this, you 
must recollect, is always a previous step to the vinous fermenta* 
tion in those vegetables in which sugar is /lot already formed. 
Brandy may in the same manner bet>btained from malt. 

Caro&'ne. You mean from beer, I suppose; for the mak 
mu^t have previously undergone the vinous fermentation. 

Mrs. B. Beer is not precisely the product of the vintuis fer- 
men^tion of malt. For hops are a necessary ingredient for the 
formation of that liquor ; whilst brandy is distilled from pure 
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fttmentBd malt. Bui iMra&dy mtglit, no doubt, be Bl^^Hed %(»&' 
beer as well as from any other liquor that has undergone the 
vinoos fermentation ; for since the basts of brandy is alcohol^ it 
may be obtained from any liquid that contains that spirituous 
substance, 

Emihf. And pray, from what vegetable is theiavounte spi- 
rit of the lower orders of the people, gin, extracted ? 

Mn. B. The spirit (which is the same in alt fermented li- 
quors) may be obtained from any kind of grain ; but the pe- 
culiar flavour which distinguishes gin is that of juni()er berries, 
which are distilled together with the grain — 

I think the brandy contained in the wine we are distiUing 
must, by this thne, be all come over. Yes— taste the liquid 
that is now dropping Yrom the alembic — 

Caro&ne. It is perfectly insipid, like water. 

Mr$, jBL It i» water, which, as I was telling ydu, is the se- 
cond product of wine, and comes over after all the spirit, which 
is the lightest part, is distilled. — The tartar and extractive col- 
ouring matter we shall find in a solid form at the bottom of the 
^embie. 

EmUy. They look very like the lees of wine. 

Mrs. B. And In many respects they are of a similar nature, 
for lees of wme consist chiefly of tartrit of potash ; a salt wMch 
exists in the juice tif the grape, and m many other vegetaWeSjJ 
and b developed only by the vinous fermentation. During this 
operation it is precipitated, and deposits itself on the internal 
surface of the cask in which the wine Is contained. It is mach 
used in medicfne,^nd In various arts, particidarly dying, under 
the name of cream of tartar y and it is from this salt that the 
tartarous acid is obtained. 

CaroHne. Butthemedicimd cream oftartar is in appearance 
quite diflerent from these dark-coloured dregs; it is perfectly 
cc^ourless. 

Mrs. B. Because it consists of the pure sahs only, in its crys^ 
talltsed hrm ; whilst in the instance before us it is mixed with 
the deep^cobured extractive matter, and other foreign ingredi- 
ents. 

Emily. Pray cannot we now obtain pure alcohol from the* 
brandy which ifte have distilled ? 

/ Mt$. B. We might 5 but the process would be tedious ; for 

io order to obtain alcohol petfectly free from water, it is neces- 

,aary to distil, or, as the distillers call it, ratify it several tim^ 

You must therefore allow me to produce a botde of alcohol that 

has been thus purified. This is a very important ingredient, 



yAkkh has mmy striking propertl^) besides its fommg the ba« 
SIS of all spirituous liquors. - . 

Emily. It is alcohol, I suppose, that produces tiito^icatifm ? ^ 
3/r5. ^. Certainly ; butthe stimulus and friQme&tary energy 
it gives to the system, and the intpxicatioii it occasions when 
t^kenin excess, are circumstances not yet aceounted for* 

Caroline. Hhought that it produced these effects by ii^creas- 
iog the rapidity of the circulation of, the blood; for djcinking 
wine or spiritt^, I have heard, always quickens the pulse. 

Mr^.B. No doubt ; the spirit, by stimulating the nerves, 
mcreases the action of the muscles ; and the heart, which Is 
one of the strongest nmscnlar organs, b^ts with augmented vi* 
gour, and propels the blood with accelerated quickness. After 
such a strong excitation, the frame naturally suffers^a fNropor* 
tional degree of depression, so that a state of debility and Ian* 
guor is the invariable consequence of intoxication: But thoQgh 
these circumstances are well ascertained, they aie farirom ex- 
plaining why alcohol should produce such effects* 

Emily • Liquers are the only kind of spirits which I think 
pleasant. Pray of what do they consist ? 

Mn. B, They are composed of alcoM, sweetened with sy- 
rup^and flavoured with volatile oil. 

The different kinds of odoriferous spirituous waters are like* 
wjse solutions of volatile oil in alcohol, as lavender water, eau 
de Cologne, &c* , v ^ 

The chemical properties of alcohol^ are important and mmte- 
rous* It is one of the most powerful chemical agents, and is 
particularly useful in dissolving, a variety of substances, which 
are soluble neither by water nor heat. 

Emily. We have seen it dissolve copal and mastic to form 
varnishes ; and these resins are certainly not soUible in water^ 
since water precipitates them from their solution in alcohol. 

Mrs. B. I am happy to find that you recollect these chrcum- 
staqces so well* The same experimcit affi>rdsalso an instance 
of another property of alcohol, — its tende^y to unite with wa- 
ter; for the resin is precipitated in consequence of losing the al» 
cohol, which abandons it from its preference for water* It is 
attended abo^ as you may recollect, with the same peculiar cir- 
cumstance of a disengagement of beat and consequent diminu^ 
tioo of bulk, which we have supposed to be produced by a me- 
chanical penetration of particles by which latent heat is forced 
out* 

' Alcohol unites thus readily not only with resins and with 
water, but with oils and balsams; these compounds /arm tlie 
extensive class of elixirsy tinctureSf <)uiiite9senceS| &c. 
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Smify. I iopposeth&t ilcobol mibt be higMy comlMistitte, 
since it contains so large a proportion of hydrogen ? 

Mrtn B« ExtreflMlj so; and it will burn^ a very moderate 
temperature. 

Cwtoline* I have often seen both brandy and spirll of-iruM- 
burnt ; they produce a great deal of flame, but i)ot a propori^ 
tloaal quantity of heat^ and no smoke whatever. * 

Mr8» h. The last ctrcnrastance arises from their combns^ 
tion being complete; and the disproportion between the^ame 
and heat shows you that these are by no means synonymoosi 

The great quantity of fiame proceeds from the combustion of 
the hydrogen to which you know^ that manner of burning is pop-^ 
culiar.-^Have you not remarked ' also* that b^'andy and alcc^ol 
viH bum without a wick? — They take ^re at so low a tempe- 
rature^ that thb assistance is not required to concentrate the 
beat and volatilise the fluid, 

Caroline* 1 have sometimes seen brandy burnt by merely 
heathdg it in a spoon. 

.Mrs.B, The rapidity of the combustion of alcohol naay, 
however, be prodigiously increased by first volatilising it. An 
ingeniops instmroent has been constructed on this prinetpie to 
answer the purpose of a blow-pipe, which may be used fbic 
melting glass, or other chemical purposes. It consists of a 
small metallic vessel (Plate XlII. %. 2.)of a spherical shape^ 
which contains the alcohol, and is heated by the lamp beneath' 
it; as soon as the alcohol is volatilised, it passes through the 
spout of tbe vessel, and issues just above the wick of the lamp^ 
^ which immediately sets fire to the stream of vapour jus I sliaU 
show you — * 

Emily* With what amazing violence it bums! The flame of 
idcc^iol, in the state of vapour, is, I fiemcy, much hotter thair 
when the spirit is merely burnt in a sfjoon ? 

Mr«. B, Yes y because ii) this way the combustion goey on 
much quicker, and, of course, the. heat is proportionally incceti-* 
sed.! — Observe its efiecl on this small glass tube, the middle of 
which i present to the extremity of the flaihe^ where the he^t 
]ftgieates(. 

.* A 9pirit kLmp, which antw^s very well for beoding small glass ; 
tttbesy may be constructd by almost any one. Take a lo ^ vial wi,t^ . 
a wide mouth, fit a com to it and pierce the cork to admit a piece of 
glass tube, the bore of which is about tbe size of a \^r%<si goosequiU. 
Let the tube tiie an inch or two above the cork — ^pass some «otti»t * 
wkk through the tube— rtheo fill the vial with alcohplaQd put ik» cork: 
and t«beia their places. I'he lamp is tbea readj« C. 
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Cttfolhte* Tim gkss, k» diat i^, is bewimt red faot^aad 
bends from its own weight. ^ 

Mrs.B. 1 have not drawn It asooder, and am going to blow 
a ball atone of the heated ends : but I must prevtou^y dose it 
tif>, and flatten it with thk little aaetoUio instrument, otherwise 
Hie breath would pass thivugb the tube withoot dilating any 
part of it.«-Now Caroline, will you blow strongly into the tuber 
wbitst the closed end is red hot« 

EmUy, You blowed too bard; for the ball suddenly dilated 
to a great size, and then burst in pieces. t 

Mrs. B. Yon wHl be more expert another time ; but I must 
eantton you, should you ever use this blow-pipe, to be very 
eareful that the combustion of the alcohol does not go on wkk 
too great vidence, for I hav^ seen the 0ame sometimes dart out 
with such force as to reach the opposite wall of tbe room, and 
set the paint on fire. There is, however, no danger of the ves.- 
sel bursting, as it is provided with a safety tube, which affords 
an additional vent for the vapour of alcohol when required. 

Tbe products of the combustion of alcohol consist in a gres^ 
proportion of water, and a small quantity of carbonic acid. 
There is no smoke or fixed remains whatever.^^How do you 
account for that, Emily ? 

E/nify. I suppose that the oxygen wkieh the alcohol absorbs 
tfrbofiling, converts its hydrogen into water and lis carbon i&» 
to carbonic acid gas, and thus it b completely consumed. 

Alr^^ B. Very well. — Etker^ tbe ligntest of aU fluids, and 
with wbi^ you are well acquainted, is obtained ftom alcohol, 
df^ iHiich it forms the tightest afeid most volatile part. 

Emly. Eether, thn, is to alcohol, what alcohol is to brandy ? 

Mrs. Bk No : there is an essential difierenoe. In order to 
obtain alcoiiol from brandy, you need only deprive the latter 
of its water ; but for the formation of eth^r, the akobol must 
bi»ikconiposed,andone of its-consthaents partly subtracted. 
HfSive you to guess wlikh of them it is— 

Emily. It cannot be hydrogen, as ^her is more volatile tha& 
alcohol, and bydrogen is the lightest of all its ingredients#nor 
do I suppose that it can be oxygen, as alcohol contains so smaU 
a proportion of that principle; it is, therefore, most prlbably, ^ 
ourbon, a dhninution of which would not fail to render the new 
compoimd more volatile. 

Mrs, K You are perfectly right. The formation of ether 
ceasistssimpiyi;. subtracting from the alcohol a certain pro* 
por^OH of carbon ; this is effected by the acUon q0the sul« 
pburic, nitric, or muriatic acids, on alcohol. Tbe acid and 
carbon remain at the bottom of ^e vessel, wM^&t the decarbor 
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nised alcohol Ales off is the fmoi of a cc^densi^^ vapouri 
which is ether. 

Ether is the most Ififlamiuable of all fluids, and burns at so 
low a temperature that the heai evolved' duriog its combustion 
is more than is required for its support, so that a quantity of 
etlier is vdatilised, which takes fire, ^nd grad«dly tpeuwws 
the violence of the combustion. 

Sir Humphry Davy hr^ lately discovered a very singular 
feet respecting the vapour of ether. If a few drops of elhef 
be poured into a wine-glass, and a fine platin^^ wire, heated ajU 
mo^ to redness, be held suspended in the gla&4, close to -the 
surface of the ether; the wire soon becomes intensely red-hot, 
and remains so for any length of time* We may easEytry 
the experimertit. . ... « 

CaroHne, How very curious! The wire is almost white 
hot, and a pungeot smell rises from the glass. Pray how is 
this accoimted for ? 

JWr«. B. This is owing to a very peculiar property of the 
vapour of ether, and indeed of many other combustible gaseous 
bodies. At a certain temperature lower than that of ignition, 
tliese vapours undergo a slow and imperfect combustion, which 
does not give rise, in any sensible degree, to the phenomena of 
light and flame, and yeJf extricates a quantity of caloric sufficient 
to react upon the wire and make it red-hot, and the wire in its 
lurn keeps op the eiect as long as the emission of ^pour con- 
tinues. 

This singular eflect, which is also produced by aleofaol> vmy 
be rendered more striking, and kept up for an indefinite length 
of time, by rolling a few coils of platina wire, of-.tiie diameter of 
from about l-60th to l-70th of an rach, round the wick of a 
spirit-lamp. If this lamp be lighted for a moment, and blown 
out again, the wire, after ceasing for an instant to be luminous, 
becomes red* bod again, though the lamp is extinguislied, and 
remains glowing vividly, till the whole of the spirit contained in 
the lamp has been evaporated and consumed in this peculiar 
maAer. 

Carbine. That is extremely curious. But why should not 
an ir<j|k or silver wire produce the same effect ? 

Mrs, B, Because either iron or silver, being nmch better 
conductors of heat than platina, the heaf'is carried off too fast 
by those metals to allow the accumulation of caloric necessary 
to produce the effect in question. 

Et)iefc4s so light that it evaporates at the common temperai- 
tureof the atmosphere; it Is therefore necessary to keep it con? 
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tkubd by a well grottnd glees stopper. No degree of cokl known 
has ever frozen it.* 

Caroline. Is h not often taken medicinally ? 

Mrs. B. Yes ; it is one of the most effectual antispasmodic 
medicines, and the quickness of its effects, as such, probably de« 
peifids ^Mi its being instantly converted into vap<»ir by the heat 
of the stomach, through the interventiou of which it acts ofi the 
nervous system. But the frequent use of ether, like that of 
spirituous liquors, becomes prejudicial, and, if taken to excess^ 
it produces effects similar l^'thoseof intoxication. 

We may now-take our leave of the vinous fermentation, of 
which I hope, you have acquired a cfear idea ; as well as of the 
several products that are derived from it. 

Caroline. Though this process appears, at first sight, so much 
complicated^ it may, I think, be summed up in a few words, as 
it consists in the conversion of sugar and fermentable bodies in- 
to alcohol and carbonic acid, which give rise both to the forma- 
Hon of wine, and of all kinds of spirituous liquors. 

Mrs, B. We shall now proceed to the (xcetouafetynerUtUionf 
which is thus called, because it converts wine into vinegar, 
by the formation of the acetous acid, which is the basis or rad- 
ical of vinegar. 

Caroline. But is not the acidifying principle of the acetous 
acid the same as that of all other acids, oxygen ? 

Mf8. B. Certainly ; and on that account the contact of air is 
essential to this fermentat]d'n,'as it affords the necessary supply 
of oxygen. Vinegar, in order to obtain pure acetous acid from 
it, must be distilled and rectified by certain processes. 

Emily. But pray, Mrs. B., is not the acetous acid frequently 
formed without this fermentation taking place ? Is it not, for in- 
stance, contained in acid fruits,'and in every substance that be- 
comes sour ? 

jyi^. B. No, not in fruits; you confound it with the citric, 
the malic, the oxalic, and other vegetable acids, to which living 
vegetables owe theit acidity. But whenever a vege able sub- 
stance turns sour, after it has ceased to live, the acetous acid is 
developed by means of the acetous fermentation, in which the 
substance advances a step towards its final decomposition. 

Amongst the various instances of acetous fermentation, that 
i/f bread is usually classed. 

Caroline. But the fermentation of bread is produced by yeast ^ 
how does that effect it ? 

^ Ether ireezes, aod shoott iato cry«taU at 46° below the zero of 
Fahrenheit. C. 
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Mt%. B* It is found by experimn^ timtaiiy fttteancft-diat 
has already undergone a fermentation, will readily excite it in 
one that is susceptible of that process, t K^ for instance^ you 
mix a littk vinegar wHh wine, that is intended to be acidifiec^ 
it will absorb oxygen more^ rapidly, and the process be con** 
^eted much sooner, than if left to ferment spontaaeousija- 
Thus yeast, which is a product of the fermentation of beer, ia 
used to excite and accehnrate the fermentation of malt, which is 
to be converted into beer, as well as that of paste which k to be 
made inty bread, " 

Caroline. But if bread undergoes the acetous fermentation, 
wh V is it not sour ? 

J!ir8. B. It acquires a ccrtaun savour winch corrects the hea- 
vy insipidity of dour, and may b% reckoned a first degree of 
acidification ; or if the process were carried further, the bread 
would become decidedly acid. 

There are, however, some chemists who do not consider the 
fermentation of bread as being of the acetous kind, but suppose 
that it is a process of fermentation peculiar to that substance. 

The putrid fermentation is the final operation of Nature, and 
her last step towards reducing organised bodies to their Amplest 
combinations. All vegetables spontaneously undergo this fep> 
mentation af^er death, provided there be a su^cient degree of 
heat and moisture, together with access of air ; for it is weM 
known that dead plants may be preserved by drying, or by the 
total exclusion of air. 

Caroline, But do dead plants undergo the other fermentatioa 
previous to this last ; or do they immediately suffer the putrid 
fermentation ? 

Mr$, B. That depends on a variety of circumstances, such ar 
the dc^ees of temperature and of moisture, the nature of the 
plant itself, &c. But if you were carefully to follow and exa- 
mine the decomposition of plants irom their death to their final 
dissolution, you would gf nerally find a sweetness developed, in t 
the seeds, and a spirituous flavour in the fruits (which have uo* 
dergone the saccharine fermentation), previous to the total db- 
organisation and separation of the parts. 

Emily, I have sometimes remarked a kind of spirituous ta^e 
in fruits that were over ripe, especially oranges; and this was 
just before they became rotten. 

Mrs. B. It was then the vinous fermentation which bad sue- • 
ceeded the saccharine, and had you followed up these changes 
attentively, you would probably have found the spiritous. tai^e 
followed by acidity, previous to the fruit passing to tlie state of 
-:)utrefaction» 



^ Wheti theleaves M\ from^e trees in aotumn, they do not 
(if there is bo great oitoisture in the atmosphere) iram^ediately 
undergaa decomposition, but are first dried and withered ; as 
^^cmy hawever, as the rain sets in, fermentation commences^ 
their gaseous, products are imperceptibly evolved into the at- 
mos|>h€rej and their fixed remains mired with their kindred 
earth. 

Wood, when exposed to moisture, al^b undergoes the putri(i 
£ei*meBtation and becomes rotten. ^ 

Emily. But I have iieard that the dry rQt, which is so liable 
to destroy the beams of houses, is prevented by a current of air | 
and yet you said that air was essential to the putrid fernaenta* 
tioB? ' 

Mrs, B. True 5 but it m«st not be in such a proportion to 
die moisture as to dissolve the latter, and this is generally the. 
case when the rotting of wood is prevented or stopped by the 
free access of air. What is coranmnly called dry rot, hovvev- 
eryir-QOt I believe a true process of putrefaction. It is suppo- 
sed to depend on a peculiar kind of vegetation, which, by feed- 
ing on the wood, gradually destroys it. 

Straw and all other kinds of vegetaWe matter uudergfo th€ 
put^rd fermentation nK)re rapidly when mixed with animal mat *- 
ter. Much heat is evolved during this process, and a variety 
of tvolatile products are disengaged, as carbonic acid aftd by* 
d«>gen gas, the latter of which is frequently either sulphurated 
or phosphorated. — When all these gases have beer* evolved, 
the fixed products, consisting of carbon, sails, potash, <S5c. form 
a kind of vegetable earth, which jnakes very fine manure, as 
it is composed of those elements which form the immediate 
nuiterials of plants. 

Caroline. Pray are not vegetables sometimes preserved froin 
decomposition by petrification ? I have seen very curious spe- 
cimens of petrified vegetables, in whidi state they perfectly 
preserve their form and organisation, though in appearance 
they are clianged to stone. 

Mrs. B. That iaakindof metamorphosis, which, now that 
you are tolerably well versed in the history of mineral and veg- 
^ble substances, I leave to your judgment to explain. Do 
you imagine that vegetables can be converted into stone ? 

Emily. No, certainly ; but they might perhaps be changed 
to a «utMtance in appearance resembling stone. 

Mrs. B. It is not so, however, with the substances that are 
f}«)led petrified v^tables y for these are re«lly stone, and ge«- 
54* ji 
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eraily of the hardest khid, consisting chiefly of sikx.^ The 
case is tbtS; when a vegetable is buried under water, or in wet ' 
earth, it is slowly and gradually decomposed. As each suc- 
cessive particle of the vegetable is destroyed, its place is sup* 
plied by a particle of siliceous earth, conveyed thither by the 
water. In the course of time the vegetable is^entirBty destnrp 
ed, but the silex has completely replaced it, havin? assuma^its 
fbrm and apparent texture, as if the vegetable itself were chan* 
ged to stone. 

CaroUne. That is very curious ! and I suppose that petrifi*- 
ed animal substances are of the same nature ? 

Airs. Bt Precisely. It is equally impossible for either ani» 
mal or vegetable substances to be converted into stone. They 
may be reduced, as we find they art, by decomposition,' to theit 
•onstituent elements, but cannot be changed to e^etnents, which 
%6 not enter into their composition. 

There are, however, circumstances which frequently pre- 
vent the regular and final decomposition of vegetable^ ^ as, 
for instance, when they are buried either in the sea, or in the 
earth, where they cannot undergo the putrid fermenation lot 
want of air. In these cases they are subject to a peculiar 
change, b}' which they are converted into a new class of com^ 
pounds^ called bitumens. 

Caroline. These are substances I never heard of before. 

Mrs. h. You will find, however, that some of them are very 
femiliar to you. Bitumens are vegetables so far decotifcpo» 
sed as to retain no organic appearance ; but tliefr origin is 
easily detected by their oily nature, their combustibility, the pro- 
ducts of their analysis, and the impression of the forms of 
Reaves, grains, fibres of wood, and even of animals, which they 
frequently bear. 

They are sometimes of an oily liquid consistence, asthe sub- 
stance called naptha^* in which we preserved potassium ; it Is 
a fine transparent colourless fluid, that issues out of clays in 
fome parts of Persia. But more frequently bitumens are soUd, 
as osphalium, a smooth^ hard, brittle substance, which easily 
melts, and forms, in its liquid state, a beautiful dark brown col- 
ouc for oil painting. Je/, which is of a still harder texture, is 
a peculiar bitumen, susceptible of so fine a polish, that it h 
used for many ornamental purposes. 

• Petrifactions are of two kinds, viz. sUeeiouSf when flinty particles 
take the place of the orig;inflD substance, and taUareons where the sub- 
stance appeacBto he changed to lime-stone. The first kind give^« tfe 
with it»el» aiWihfi otftcf effei^esces with acids. €. 
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€oalh atlso a tniaminoas sobstdnce, to tbe composHion of 
which both the mineral and animal kingdoms seem to concur. 
This olost useful mineral appears to consist chieBy of vegetable 
OHttter, mixed mth the remains of mafide ttnimals and mating 
salts, and* oeeasionally containing a quantity of sulphuret of 
kon^ commonly called pydtes. 

\^ Smly^ It is, I suppose, the earthy, the metallic, and the sa- 
line parts of coals, that compose the cinders or fixed products 
of their combustion 5 whilst the hydrogen and carbon, which 
they derive from vegetables, constitute their v6latile products. 

CaroUne. Pray is not cokcy (which 1 have heard is much 
used in some manufi^:tures,) also a bituiHinous substance? 

Mrso JB. No ; it is a kind of fuel arCiftciaUy prepared from 
4oals. It consists x)fc(^ls teduced to a substance analogous to 
charcoal, by the evaporation of their bituminous parts. Coke, ' 
therefore, is composed of carbon, with some earthy and saline 
ingredients. 

. S&oein, or yellow amber^ is a bitumen which the ancients 
called ekctrunif from whence the word electricity is derived, as 
that substance is peculiarly, and was once supposed to be ex- 
clusively, electric ft is found either deeply buried in the bowr 
eh'of the earth, or floating on the sea, and is supposed to be a 
resinous body which has been acted on by sulphuric acid, as its 
analysis ^ows it to consist of an oil and an add. The oil is 
called ml of amber, the acid the succinic, 
> EmU'jf, That oil I have sometimes used in painting, as it is 
reckoned to change less than the other kinds of oils. 
. Mrs* B. The last class of vegetable substances that have 
dianged their nature are fossil-wood, jieat, and turf. These 
are -composed of wood and roots of shrubs, that are partly de- 
composed by bein^ exposed to moisture under ground, and yet, • 
in some measure, preserve their form and organic appearance. 
The peat^ or black earth of the moors, retains but (ew vestiges 
6( the roots to which it owes its richness and combustibility, 
thiese substances being in |he course of time reduced to the state 
of vegetable earth. But in turf th« roots of plants are still dis- 
isernible^ and it equally answers the purpose of fuel. It is the^ 
combustible used by the poor in heathy countries, which supply 
it abtiadantly. 

* Naptha appears to be the only fluid in which oxjgen does not ex- 
^is^ }.bence its property of preserving potassium which has so strong 
an affinity for oxygen as to absorb it from all other fluids. It howev- 
er loses this property by exposure to the atmosphere, probablv be* 
cause it absorbs a snaall quantity of air, or moisture* It is again re- 
itofed by distillatipB. C. * 



272 VEGfiTATlON. 

It is too late tU» morning to enter upon the bistory. of veg^a- 
tion. We shall reserve this subject, therefore, for our neaU in-- 
terview, when I expect (hat it will furnish us wi^li ampl^ioatrer 
for another conversation. 



CONVERSATION XXII. 

HISTORY OF VEGETATION. • 

Mrs, B. The vegetable kingdom may be considered as 
the link which unites the mineral and animal creation into one 
comn)on chain of beings ; for it is through the means of vegeta«> , 
tion alone that mineral substances are introduced into the ani- ^ 
mal system, since, jsjenei ally speaking, it is fcpm vegetables that 
all animals ultimately derive their sustenance. 

Caroline. I do not understand that 5 the human species -sub- 
sists as much on animal as on vegetable foocl, and ther^ are 
some carnivorous animals that will eat only animal food. 

Mrs. B. That is true ; but you do not consider that these 
that live on animal food, derive their sustenance equally, though ' 
not so immediately* from vegetables. The meat that we eat 
is formed from the herbs of the field, and the prey ofxariyvo- 
rous ammals proceeds, either directly or indirectly, frona the 
same source. It is, therefore, through this channel that the 
simple elements become a part of the animal frame. We should 
in vain attempt to derive nourishment from carbon, hydrogen,., 
and oxygen, either in tiieir separate state, or combined in 4be 
mineral kingdom 5 for it is only by being united in the form of - 
vegetaWe combination, that they become capable of conveying 
nourishment. 

Emily. Vegetation, tlien, seems to be the method which 
Nature employs to prepare the food of animals ? * .• 

Mrs. B. That is certainly its principal object. The vegetff* 
ble creation does not exhibit more wisdom in that admirable 
system of organisation, by which it is enabled to answer its 
•own immediate ends of preservation, nutrition, and propagation^ . 
than in its grandand ultimate object of forming those arrange- 
ments and combinations of principles, which are so well adapted 
for the nourishment of animals* '^ 

Emily. But I am very curious to know whence vegetables 
obtain their principles which form their immediate materials? 

Mrs. B. This is a point on which we are yet so much in the 
dark, that I cannot hopefully to satisfy your curiosity 5 but 



wiiat Hftk I know on tkis sithj«et, I wtU endMi^oar to espkln 
' to you. 

The soil^ which, at first view, appears to be the aHinent of 
vegetables, is fotuid, on a closer investigation, to be Uttte more 
^an the channel through which they receive their nourish- 
ment; so that it is very possible to rear plants without any 
earth or soil.* 

* The opinion tiiiit wftter is the only food of plants, was adopted bv 
the learned on this subject in the 17th century; and many experi- 
ments were made which seemed to prove that this was the truth* 
Among others was a famous one by van Helmont, which for a -long 
time was supposed to have established the point beyond all doubt. 
He planted a willow which weighed five pounds, ^in an earthera vessel 
cofltaiiiing 20Q Ibft of dried earth. This vessel was sunk into the 
fToand, and the tree was watered, sometimes with distilled, and some- 
times with rain water. 
At the end of five years the willow weighed 169 lbs ; and on weigh- 
. ing^tho soil, dried^as before, it was found to have lost only two oun- 
ces.* Thus the willow had gained 164 lbs, and yet its food had been 
oftly water. The induction from this experiment was obvious. Plants 
five on pure water. This therefore was the general opinion, untill 
the progresf of chemistry detected its fallacy. Bergman, in 177S 
showed by some experiments that the water, which Van Helmout had 
used contained as much earth as could exist in the tree at the end of 
thd five years ; a pound of water containing about a grain of «aTth* 
Sothact this experiment by no means proved that the wiUow lived on 
Waler alone. Since tfai? time a great variety of experiments have 
been made for the purpose of decicOng what was the food of plants. 
liVthe course of these, it has been found, that although seeds do vege- 
tat^in pure distilled water, yet the plant is weakly, and finally diet 
befbiN^ the fruit is matured. 

It i^ pretty certain then that earth is absolutelv necessary io the 
growth of plants, and ttiat a part of their food is taken from the soil. 
Indee<|, the well known fact that a soil is toom out by a long succes- 
sion of crops, and fioally becomes sterile, unltss manured, is good proof 
that plants do absorb something from it. 

Saossu^has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind, as that on which 
iti^ grow. Thus trees growing in a granitic soil contain a large pro- 
portion of silica, while those growing in a calcarioos soil, contain lit-^ 
tie silica, but a great proportion *of calcareous earth. 

In addition to what plants absorb from the ground, there is no doubt 
bat they obtain a part of their nourishment from water and air. 
Sotae experiments made at Berlin, show that wheat, barley, kc. con- 
tain a^antity of earth, though fed only on distilled water. 

From the air plants absorb carbonic acid gas. The carbon tiiey 
retain, which forms the greatest part of their bulk. The oxygen in 
fitted, and goes to purify the atmosphere. 

Thus it is seen that plants obtain their food from the earth, from wa» 
fety and from the air. C. 



Caroline. Of that we hav<» an iiHtanceinHie fayaekith, dtid 
Other bulbous roots, which will grow and blossom beaufiMly hi 
glasses of water. But I confess I should think it would tie dif* 
ficuh to rear trees in a similar manner. 

Mn, B, No doubt it would, as it is the burying of the roots 
hi the earth that supports the stem of the tree. But this office^ 
besides that of affording a vehicle for food, is far the most im- 
portant part which the earthy portion of the soil performs in 
the process of vegetation ; for we can discover, hy analysis^ 
but an extremely small proportion of earth in vegetable com- 
pounds. 

Caroline, But if earths do not afford nourbhment, why \s it 
necessary to be so attentive to the preparation of the soil ? 

Mra, B, In order to impart it those qualities which render it 
a proper vehicle for the food of the plant. Water is the chief 
nourishment of vegetables ; if, therefore, the soil be too sandy, 
it will not retain a quantity of water sufficient to supply the 
roots of the plants. If, on the contrary, it abound too much 
with clay, the water will lodge in such quantities as to threaten 
a decomposition of the roots. Calcareous soib are, upon the 
whole, the most favourable to the growth of plants : soils are, 
therefore, usually improved by chalk, which, you may recol- 
lect, is a carbonat of lime. Different vegetables, however, re- 
quire different kinds of soils. Thus rice demands a moist re> 
tentive soil ^ potatoes a soft sandy soil ; wheat a firm and rich 
soil. Forest trees grow better in fine sand than in a stiff clay 5 
and a light ferruginous ^oil is best suited to fruit^rees. 

Caroline, But pray what is the use of manuring the soil ? 

Mrs, B. Manure consists of all kinds of substances, whether 
of vegetable or animal origin, which have undergonethe fjutrid 
fermentation, and are consequently decomposed, or nearly so, 
into their elementary principles. And it is requisite that these 
vegetable matters should be in a state of decay, or approaching 
decotnposifion. The addition of calcareous earth, iri^ the stale 
of chalk or lime, is benefidal to such soils, as it accelerates the 
dissolution of vegetable bodies. Now, I ask you what is the 
utility of supplying the soil with these decomposed substances? 

Caroline, It is, I suppose, 'in order to furnish vegetables 
with the principles which enter their composition. For ma- 
nures not only contain carbon, hydrogen, and oxygen,4>ut by 
their decomposition supply the soil with these principles in their 
elementary form.* * 

* But what IS the use of all this, if " water is the chief ooorishmfiot 

of vegetables .•'" C. "... 



Mr^t B, Undoubtedly; iind itit for this reason that thefin- 
*2St crops are produced In lit-lds tiiai were formerly cnvered witb 
woodsj because tiii^rr soil U composed of a rich nioidilj a kindot 
vef^eiable eardi whkli abouuds iji those principles. 

Emily, This accoimts for the plentifidiiess of the crops pro- 
auced in Americuj wht;re the coutUry was but a few years since 
coverekl with wood. 

Carfilme. But bow is it that animal substances are reckoned 
to i. rod 11 "e the best manure? Uar^s it not appejir much more 
ualuod that ihe decomposed tlr ments of vtgetEihles should be 
the most ;ippiO[>riate to the formation of new vegetables? 

Mrs. JL The adihtion of ji much greater proportion of nhro- 
gcijj wbich consikutes the chief diiTerence between animal and 
vegeiaijle matter, renders the composition of tbe former more 
carnplicatedj and constrcpieudy more fiivonrable to decomposi- 
jion. The use of animal subsmnces is chieily to j^ive the first 
impulse t^ilie lermcntation of the vegetable ingredients that en- 
ter imo the nompositifln ofmanntPs. The manure of a farm- 
yard is of that description; hut there is scarcely any substance 
sust:eptible of undergoing the putrid fermentation that will not 
mtikc good manure. The heat produced by the termentaljon 
of manure is another circumstance which is'exiremely favour- 
able to ve^^jiation; yet this lieat would be too great if the ma- 
nure was laid on die ground during the height of (ermeiUaiiou ; 
it is used in this state only for hot-beds to produce melons, cu- 
cumberj^jand such vegetables as i^nuire a very high tempera- 
ture- 

CuroUne, A difficulty has just occurred to me which I do 
not know how to remove* ^iiice all organised hodiies are, in 
tiie coinaion course of nature, uhJmLttely reduced to their ele- 
menlajy state, lliey must necessiirily in that stale enrich the soilj 
iind a^Tord tbod for vegetal ion. How is it^ then, that agricultnrej 
which cannot increase the quantity of those elemenTs that aro 
required to nimmre the eanli, can increase its produce so won- 
i\^\hil\y m is foDULl to be the ciise in all cuhivaled countries? 
' Mrji. B. ft is by sutler ing none of these decaying bodies to 
he dissipatedj btJt in applying; tfiem My to the soiL It is by a 
judicious preparation of the soil, which consists in fitting it ei- 
ther for the general purposes of vegetation, or for that of the 
(jardcalarseeil which b to be sown. Thus, if the soil be too 
wet, it may be drained ; if too loose and sandy, it may be ren- 
dered more consistent and retentive of water by the addition of 
clay or loam ; it may he enriched hy chalk, or any kind of cal- 
careous earth. On soils thus improved, manures wid act with 
double *fflkaev5j*nd jf attention be paid to spread them on the 
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groand at a proper season SfHie year, to mixtfiem wkhibe wff 
«o that they may be generally diffused through it, to destroys 
the weeds which might appropriate these nutritive principles to 
tlieir own use, to remove the stones which would impede the 
growth of the plant, &c. we may obtain a produce an hundred 
fold more abundant llian the earth would spontaneously su):^yi 

Emily. We have a very striking instance of thii in the scan- 
ty produce of uncultivated commons, compared to the ridicrop* 
©f meadows which are occasionally manured. 

Caroline. But, Mrs. B., though experience daily prove« the 
advantage of cultivation, there is still a difficulty which I can- 
not get over. A certan quantity of elementary principles exi$^ 
in nature, which it is not in the power of man either to augment 
or diminish. Of these principles you have tauglit us that both 
the animal and vegetable creation are composed. Now the 
more of them is taken up by the vegetable kingdom, the less, it 
would seem, will remain for animals ; and, therefore, the more 
populous the earth becomes, the less it will produce. 

Mr^. B. Your reasoning is very plausible; but experience 
every where contradicts the inference you would draw from it f 
for we find that the animal and vegetable kingdoms^ instead of 
thriving, as you would suppose, at each other's expense, al- 
ways increase and multiply together. For yon should recollect 
tlfet animals can derive the elements of which they are formed 
only through the medium of vegetables. And you must aUoxv 
that your conclusion would be valid only if every particle of the* 
several principles that could possibly be spared from other pur- 
poses were employed in the animal and vegetable creations. 
Now we have reason to believe that a much greater proportidrr 
of these principles than is required for such pusposes rertiaihs 
•ither in an elementary state, or engaged in a less usefirl mode 
of combination in the mineral kingdom. Possessed of such ihd- 
mense resources as the atmosphere and the waters afford us, for' 
oxygen, hydrogen, and carbon, so far from being in danger of 
working up all our simple materials, we cannot suppose that We, 
shall ever bring agriculture to such a degree of perfection as to* 
require the whole of what these resources could supply. 

Nature, however, in thus furnishing us with an inexhaustible 
stock of raw materials, leaves it in some measure to the mgena-* 
ity of man to appropriate them to its own purposes. But like 
a kind parent, she stimulates him to exertion, by setting the 
example and pointing out the way. For it is on the operations [ 
of nature that all the improvements of art are founded. The 
art of agriculture consists, therefore, in discovering the readiest 
method of obtaining the several principles, diherfrom their 
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graii4 soutxesi air aod water, or fn$m the jdecoroposition of or- 
ganised bodieg ; and in appropriating them m the best manner 
to the purposes of vegetation. 

Emily, But, among the sources of nutritive principles, I am 
surprised th|it you do not mention the earth itself, as it contains 
abundance of coals, which are chiefly composed of carbon. 

Jidr^ B, Though coals abound in carbon, they cannot, on 
aoconot of their ^dness and impermeable texture, be imme- 
diately subservient to the purposes of vegetation. 

Emily, ^o ; but by their combustion carbonic acid is pro- 
duced ; and this entering into various combinations on the sur- 
^e of the earth, may, perhaps, assist in promoting vegetation. 

Mr^ B. Probably it may in some degree ^ but at any rate 
the quantity of nourishment which vegetables derive froiq that 
source can be but very trifling, and must entirely depend on lo- 
cal circumstances. 

Caroline. Perhaps the smoky atmosphere of London is' the 
cause of vegetation being so forward and so rich in its vicinity ? 

Mrs. B. I rather believe that this circumstance proceeds 
from the very ample supply of manure, assisted, perhaps, by 
the warmth and shelter which the town aflbrds. Far from at-' 
tributing any good to the smoky atmosphere of London, I con- 
fess I like to anticipate the time when we shall have made such 
progress in the art of managing combustion, that every particle 
of carbon will be consumed, and the smoke destroyed at the 
moment of its production. We may then expect to have the 
3atisraction of seeing the atmosphere of London as clear as that 
of the country. — But to return to our subject : I hope that you 
are now convinced that we shall not easily experience a defi- 
ciency of nutritive elements to fertilize the earth, and that, pro^ 
vlded we are but industrious in applying them to the best ad- 
vantage by improving the art of agriculture, no limits can be 
assigned to the fruits tifat we may expect to reap from our la- 
bours. 

Caroline. Yes ; I am perfecdy satisfied in that respect, and 
I can assure you that I feel ah*eady much more interested in the 
4»progress and improvement of agriculture.' 
. Emily. I have frequently thought that the culture of the land 
was not considered as a concern of sufficient importance. Man* 
ufactures always take the lead ; and health and innocence aie 
frequently sacrificed to the prospect of a more profitable em« 
{doyment. It has often grieved me to see the poor manufactii« 
r^ crowded together in dose rooms, and confined for the whole 
<bnr to the most uniform and sedentary employaiei^t, instead of ' 

25 
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being- engaged in that innocent and salutary i^tnd of labour, 
wliich Nature seems to have assigned to man for tlie immedi- 
ate acquirement of comfort^ and for the preservation of his 
existence. I am sure that you agree with me in thinking so. 
Mrs. B. ? 

Mrs. B. I am entirely of your opinion, my dear, in regard 
to the importance of agriculture f but as the conveniences of 
life, which we are all enjoying, are not derived merely from the 
«oil, I am far from wishing to depreciate manufactures. Be- 
si(ies, as the labour of one man is sufficient to produce food for 
several, those whose industry is not required in tillage must do 
something in return for the food that is provided for them. 
They exchange^ consequently, the accommodations for the 
necessaries of life. Thus the carpenter and the weav^ lodge 
and clothe the peasant, who supplies them with their daily 
bread. The greater stock of provisions, therefore, which the 
husbandman produces, the greater is the quantity of accommo- 
dation which the artificer prepares. Such are the happy e^ 
fects which naturally result from civilized society. It would 
be wiser, therefore, to endeavour to improve the situation of 
those who are engaged in manufactures, than to indulge in vain 
declamations on the hardships to which they are too frequently 
exposed. 

But we must not yet take our leave of the subject of agricul- 
ture ; we have prepared the soil, it remains for us now to sow 
the seed. In this operation we must be careful not to bury it 
too deep in the ground, as the access of air is absolutely neces- 
sary to its germination ; the earth must, therefore, lie loose and 
light over it, in order that the air may penetrate. Hence the 
use of ploughing and digging, harrowing and raking, &c. A 
certain degree of heat and moisture, such as usually takes place 
in the spring, is. likewise necessary. 

Caroline. One would imagine you were going to describe 
the decomposition of an old plant, rather than the formatbn of 
a new one \ for you have enumerated all the requisites of fer- 
mentation. 

Mrs. B. Do you forget, my dear, that the young plant de- 
rives its existence from the destruction of the seed, and that it 
is actually by the saccharine fermentation that the latter is de- 
composed ? 

Caroline.' True ; I wonder that I did not recollect that. 
The temperature and moisture required for the germination of 
the seed is then employed in producing the saccharine fermen^ 
tatioii within it ? 
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Mrs. B. Cerla^inly* But, in order to understand the nature 
of germination, you should be acquainted with the different 
parts of which the seed is composed. The external covering 
* or envelope contains, beside the .^erm of the future plant, the 
substance which is to constitute its first nourishment ; this sub- 
stance, which is called the parenchyma^ consists of fecula, mu- 
cilage, and oil, as we formerly observed. 

The seed is generally divided into two compartments, called 
lohe9 or cotyledons f as is exemplified by this bean (Plate XV. 
fig. 1.)^ — ^the dark-coloured kind of string which divides the 
lobes is called the radicle^ as it forms the root of the plant, and 
it is from a contiguous substance, called plumula^ which is in- 
closed within the lobes, that the stem arises. The figure and 
size of the seed depend very much upon the cotyledons ; these 
vary in number in different seeds ; some have only one, as 
wheat, oats, bailey, and all the grasses ; some have three, oth- 
ers six. But most seeds, as for instance, all the varieties of 
beans, have two cotyledons. When the seed is buried in the 
earth, at any temperature above 40 degrees, it imbibes water, 
which softens and swells the lobes ; it then absorbs oxygen, 
which combines with some of its carbon, and is returned in the 
form of carbonic acid. This loss of carbon increases the com- 
parative proportion of hydrogen and oxygen in the seed, and 
excites the saccharine fermentation, by which the parenchyma- 
tous matter is converted into a kind of sweet emulsion. In 
this form it is carried into the radicle by vessels appropriated 
to that purfllse ; and in the mean time, the fermentation hav- 
ing caused the seed to burst, the cotyledons are rent asunder, 
the radicle strikes into the ground and becomes the root of the 
plant, and hence the fermented liquid is conveyed to the plu- 
mula, whose vessels have been previously distended by the heat 
of the fermentation. The plumula being thus swelled, as it 
were, by the emulative fluid, raises itself and springs up to the 
surface of the earth, bearing with it the cotyledons, which, as 
soon as they come in contact with the air, spread themselves, 
and are transformed into leaves. — If we go Into the garden, we 
shall probably find some seeds in the state which I have de- 
scribed — 

Emily. Here are some lupines that are just making their ap- 
pearance above ground. 

Mrs. B. We shall take up several of them to observe their 
different degrees of progress in vegetation. Here is one that 
has but recently burst its envelope — do you see the little radi- 
cle striking downwards ? (Plate XV. fig. 2.) In this the 



iriomitla is not yet visible. But here is another In a gcesit&t 
mate of forwardness — the pluniula, or stem, has risen out of the 
ground, and the cotyledons are converted into seeds kavesi. 

(Pl.ATKXV.fig-3.) 

Caroline. These leaves are very thick and clumsy; and vn- 
like the other leaves, which I perceive are just (beginning to a^ 
pear. 

Mrs, B. It is because they retain the remains of the parecn 
chyma, with which they still continue . to nourish the young 
plant, as it has not yet sufficient roots and strength to provide 
for its sustenance from the soil. — But, in this .third lupine 
(Plate XIV. fig. 4.,) the radicle had sunk deep into the earth, 
and sent out several shoots, each of which is furnished with a 
mouth to suck up nourishment from the soil ; the function of 
the original leaves, therefore, being no longer required^ they 
are gradually decaying, and the piumula is become a regular 
stem, shooting out small branches, and spreading its foliage. 

Emily. There seems to be a very striking analogy between 
a seed and an egg ; both require an elevation of temperature 
to be brought to life ; both at first supply with aliment the or* 
ganised being which they produce; and as soon as this has at* 
tained sufficient stfength to procure its own nourishment, the 
^gg*^^ breaks, whilst in the plant the seed-leaves fall off. 

Mrs. B. There is certainly some resemblance between these 
processes; and when you become acquainted with animal chem- 
istry, you will frequently be struck with its analogv to that of 
the vegetable kingdom. P- 

As soon as the young plant feeds from the soil, it requires 
the assistance of leaves, which are the organs by which it 
throws off its super««bundant fluid ; this secretion is much more 
plentiful in the vegetable than in the animal creation, and the 
great extent of surface of the foliage of plants is admirably <:al- 
culated for carrying it on in sufficient t|uantities. This traos^ 
pired fluid consists of little more than water. The sap, by this 
process, is converted into a liquid of greater consistence^ 
which is fit to be assimilated to its several parts^ 

Emily. Vegetation, tiien, must be essentially injured by de- 
stroying the leaves of the plant ? 

Mrs. B. Undoubtedly; it not only diminishes the transpira- 
tion, but also the absorption by the roots; for the quantity of 
sap absorbed is always in proportion to the quantity of fluid 
thrown off by franspiration. You see, therefore, the necessity 
that a young plant should unfold its leaves as soon as it b^ins 
to derive its nourishment from tbe soil ; and^ accord ingly^ yon 
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vni\ find that those lupines which have dropped tlieir seed^ 
leaves, and are no longer fed by the parenchyma, have spread 
their foliage, in order to perform the office just described. 

But I should inform you that this function of transpiration 
seems to be confined to the upper surface of the leaves, whilst, 
on the contrary, the lower surface, which is more rough and 
uneven/and furnished with a kind of hair or down, is destined 
to absorb moisture, or such other ingredients as the plant de- 
rives from the atmosphere'. 

As soon as a young plant makes its appearance above ground, 
light, as well as air, becomes necessary to its preservation. 
Light is essential to the developement of the colours, and to 
the thriving of the plant. You may have often observed what 
a predilection vegetables have for the light. If you make any 
plants grow in a room, they all spread their leaves, and extend 
their branches towards the wkidows. 

Caroline. And many plants close up their flowers as soon as 
it is dark. 

Emily, But may not this be owipg to the cold and dampnes$ 
ofthe evening air? 

Mrs. B. That does not appear to be the case i for in a 
course of curious experiments, made by Mr. Senebier of Gene- 
va, on plants which he reared by lamp-light, h^ found that the 
flowers closed their petals whenever the lamps were extin- 
guished. 

Emily. But pray why is air essential to vegetation, plants do 
not breathe it like animals .'^ 

Mrs. B. At least not in the same manner ; but they certain- 
ly derive some principles from the atmosphere, and yield others 
to it. Indeed it is chiefly owing tp the action ofthe atmosphere 
and the vegetable kingdom on each other, that the air contin- 
ues always fit for respuration. But you will understand this 
better when I have explained the eflect of water on plants. 

I have said that water forms the chief nourishment of plants ; 
it is the basis not only of the sap, but of all the vegetable juices. 
Water is the vehicle which carries into the plant the various 
salts and other ingredients required for the formation and sup* 
port of the vegetable system. Nor is this all ; part of the wa- 
ter itself is decomposed by the organs of the plant 5 the hydro- 
gen becomes a constituent part of oil, of extract, of colouring 
matter, &c. whilst a portion of the oxygen enters into the for- 
mation of mucilage, of fecula, of sugar, and of vegetable acid^. 
But the greater part ofthe oxygen, proceeding from the decom- 
position of the water^ is converted into a gaseous stat^ by the 
. 25* 
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caloric disengaged firom the h3fdrogen during its condensatioa 
in the formation of the vegetable materials. In this state the 
oxygen is transpired by ^he leaves of plants when exposed to 
the sun's rays. Thus you find that the decomposition of water, 
by the organs of the plant, is not only a means of supplying it 
with its chief ingredient, hydrogen, but at the same time of re» 
plenishing the atmosphere with t>xygen, a principle which re* 
quires continual renovation, to make up for the great consump^ 
tion of it occasioned by the numerous oxygenations, combus- 
tions, and respirations, that are constantly taking place on th# 
surface of the globe.* 

Emily. What a striking instance of the harmony of nature. 

Mrs, B. And how admirable the design of Providence^ wha 
knakes every different part of the creation thus contribute to the 
support and renovation of each other ! 

But the intercourse of the vegetable and animal kingdoms 
through the medium of the atmosphere extends still further. 
Animals, in breathing, not only consume the oxygen of the air, 
but load it with tarbonic acid, which, if accumulated in the at- 
mosphere, would, in a short time, render it totally unfit for res- 
piration. Here the vegetable kingdom again interferes ; it at- 
tracts and decomposes the carbonic acid, retains the carbon for 
Its own purpo^s, and returns the oxygen for ours.t 

Caroline. How interesting this is ! I do not know a more 

* The foregoiog paragraph might mislead the student. Indeed it 
seems to have been written without regard to proper authorities. -For 
Instance, there is no proof that water is decomposed by the organs of 
plants ; nor is it in the least degree probable that the oxygen emitted 
by them owes its gaseous state, to the caloric set free by the condensa- 
tion of hydrogen. Authors on this subject agree that the thickest veil 
•overs the processes by which the sap is converted into the several 
parts of the plant. But it has been demonstrated, that most, if not all 
the oxygen emitted by the leaves, is obtained by the decomposition of 
air, instead of water, as here stated. If leaves are exposed to tne rays 
•f the sun, while under common water, they emit oxygen. But if the 
water is first deprived of its air, by an air pump, or by boiling, not a 
particle of oxygen is emitted. Now atmospheric air, always contains 
a quantity of carbonic acid gas, and experiments show, that plants 
give out oxygen in some proportion to the quantity of this gas contaid- 
ed in the water. The fact then seems to be, that plants absorb car- 
bonic acid, that this is decomposed by some unknown process ; the 
plant retaining the carbon while the oxygen is given out. C. 

i It is a curious fact, demonstrated by experiments, that the leaves 
•f plants perform different offices at different periods of the 94 houjDS* 
Xhiring the day they give out water, absorb carbonic acid, and emit 
•xygen gas; but during the night they absorb water, and oxygen gas, 
and give out carbonic acid. C. 
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beautiful illustration of the wisdom which is displayed in the 
laws of nature. 

Mrs. B. Faint and imperfect as are the ideas which our lim- 
ited perceptions enable us to form of divine wisdom, still they 
cannot fail to inspire us with awe and admiration. What, 
then, would be our feelings, were the complete system of nature 
at once displayed before us ! So magnificent a scene would 
probably be too great for our limited and imperfect comprehen- 
sion, and it is no doubt among the wise dispensations of Provi- 
dence, to veil the splendour of a glory with which we should be 
overpowered. But it is well suited to the nature of a rational 
being to explore, step by step, the works of the creation, to en- 
deavour to connect them into harmonious systems ; and, in a 
word, to trace in the chain of beings, the kindred ties and be- 
nevolent design which unites its various links, and secures its 
preservation. 

Caroline, But of what nature are the organs of plants which 
are endued with such wonderful powers? 

Mrs. B. They are so minute that their structure, as well a$ 
the mode in whjch they perform their functions, generally elude 
Our examination ; but we may consider them as so many ves- 
sels or apparatus appropriated to perform, with the assistance 
of the principle of life, certain chemical processes, by means of 
which these vegetable compounds are generated. We may, 
however, trace the tannin, resins, gum, mucilage, and some oth- 
er vegetable materials, in the organised arrangement of plants, 
in which they form the bark, the wood, the leaves, flowers, and 
seeds. 

The bark \s composed of the epidermisy the parenchyma^ 
and the cortical layers. 

The epidermis is the external covering of the plant. It is a 
thin transparent membrane, consisting of a number of slender 
fibres, crossing each other, and forming a kind of net-work. 
When of a white glossy nature, as in several species of trees, in 
the stems of corn and of seeds, it is composed of^thin coating 
of siliceous earth, which accounts for the strength and hardness 
•f those long and slender stems. Sir H. Davy was led to the 
discovery of the siliceous nature of the epidermis of such plants, 
by observing the singular phenomenon of sparks of fire emitted 
by the collision of ratan canes with which two boys were fight- 
ing in a dark room. On analysing the epidermis of the cane^ 
be found it to be almost entirely siliceous.* 

• In the scouring rash, {EquUdum kyemale) the fliliceoua epider- 
mis is ftillinore obvious. If drawn across a i»ece of soft metal, a4 



284 VEGETATION. 

Caroline. \Vith iron then, a cane, I suppose, will strike fire 
very easily ? 

Mrs, B, I understand that it will. — In ever-greeos the epi- 
dermis is mostly resinous, and in some few plants is formed of 
wax. The resin, from its want of affinity for water, tends to 
preserve the plant from the destructive effects of violent rains, 
severe climates, or inclement seasons, to which this species of 
vegetables is peculiarly exposed. 

Emily, Resin must preserve wood just like a varnish, ae it 
is the essential ingredient of varnishes ? 

Mrs, B. Yes J and by this means it prevents likewise all un- 
necessary expenditure of ^moisture. 

The parenchyma is immediately beneath the epidermis; it 
b that green rind which appears when you strip a branch of 
any tree or shrub of its external coat of bark. The parenchy- 
ma is not confined to the stem or branches, but extends over 
every part of the plant. It forms the green matter of the 
leaves, and is composed of tubes filled with a peculiair juke. 

The cortical layers are immediately in contact with the 
wood; they aboimd with tannin and gallic acid, and consist of 
small vessels through which the sap descends after being elabo- 
rated in the leaves. The cortical layers are annually renewed, 
the old bark being converted into wood. 

Emily, But through-what vessels does the sap ascend?" 

Mrs, B, That function is performed by the tubes of the al- 
burnuqgi, or wood, which Is immediately beneath the cortical 
layers. The wood is composed of woody fibre, mucilage, and 
resin. The fibres are disposed in two ways ; some of them 
longitudinallv, and these form what is called the silver grain of 
the wood. I'he others, which are concentric, are called the 
spurious grain. These last are disposed in layers, from the 
number of which the age of the tree may be computed, a new 
one being produced annually by the conversion of the bark in- 
to wood. The old^st^ and-^eonsequently most internal part of 
the alburnum, Ts called heart-wood ; it appears to be dead, at 
least no vital functions are discernible in it. It is through the 
tubes of the living alburnum that the sap rises. These, there- 
fore, spread into the leaves, and there communicate with the 
extremities of the vessels of the cortical layers, into which they 
pour their contents. 

Caroline, Of what use, then, are the tubes of the parenchy- 

Sliver or copper, it Qit^ it lik^ a file. It evea makes an impression oh 
the hardest steel. 0. 
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ma, since neither (he ascending nor descending sap^ p^tsse^ 
through them ? 

Mrs, B, They are supposed to perform the important func* 
tion of secreting from the sap the peculiar juices from which the 
plant more immediately derives its nourishment. These juic- 
es are very conspicuous, as the vessels which contain them are 
much larger than those through which the sap circulates. The 
peculiar juices of plants differ much in their nature, not only in 
difil^nt species of vegetables, but frequently in different parts 
of the same individual plant : they are sometimes saccharine^ 
as in the sugar-cane, sometimes resinous, as in firs and ever- 
greens, sometimes of a milky appearance, as in the laurel. 

Emily, I have often observed, that in breaking a young 
shoot, or in bruising a leaf of laurel, a milky juice will ooze out 
in great abundance* 

Mrs, B. And it is by making incisions in the bark that pitch, 
tar, and turpentine* are obtained from fir-trees. The durabili- 
ty of this species of woed is chiefly owing to the re^nous nature 
of its peculiar juices. The volatile oils have, in a great meas- 
ure the same preservative effects, as they defend the parts, with 
which they are connected, from the attack of insects. This 
tribe seems to have as great an aversion tp perfumes, as the 
human species have delight in them. They scarcely ever at* 
tack any odoriferous parts of plants, and it is not uncommon 
to see every leaf of a tree destroyed by a blight, whilst the blos- 
soms remain untouched. Cedar, sandal, and all aromatic, 
woods, are on this account of ^eat durability. 

Emify, But the wood of the oak, which is so much esteem- 
ed for its durability, has, I believe, no smell. Does it derive 
this quality from its hardness alone ? 

Mrs, B, Not entirely ; for the chesnut, though considerably 
harder and firmer than the oak, is not so lasting. The dura- 
bility of the oak is, I believe, in a great measure owing to its 
having very little heart-wood, the alburnum preserving its vital 
functions longer than in other trees. 
, Caroline. If incisions are made into the alburnum and cor- 

* Turpentine is obtained as described in the te&t. But tar and 
pitch are obtained by a very dift'erent method. A conical cavity is 
dug in the earth, at tne bottom of which is placed a reservoir. Over 
this is piled billets of fir- wood, forming a large pile. The pile is cov- 
ered with turf to smother the fire, which is kindled at the top. As the 
wood is heated,, and gradually converted into charcoal, the tar is dri- 
ven out, and runs into the canty, and finally into the reservoir. Tar 
is a mixture of resin, empyreumatU oilj charcoal, and acetic acid. 
The colour is derived from the charcoal. Pilch is made by boiling 
tar, bf which its more volatfie parts are driven off. C. 
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tical layers, may not the ascending and descending sap he pro- 
cured in the same manner as the peculiar juice is from the ves- 
seb of the parenchyma ? 

Mrs. B. Yes; but in order to obtain specimens of these flu- 
ids, in any quantity, the experiment must be made in the spring, 
when the sap circulates with the greatest energy. For this 
purpose a small bent glass tube should be introduced into the 
incision, through which the sap may flow without mixing with 
any of the other juices of the tree. From the bark the sap 
will flow much more plentifully than from the wood, as the as- 
cending sap is much more liquid, more abundant, and more rap- 
id in its motion than that which descends ; for the latter having 
been deprived by the operation of the leaves of a considerable 
|Kirt of its moisture, contidns a much greater propohion of sol- 
id matter, which retards its motion. It does not appear that 
there is any excess of descending sap, as none ever exudes from 
the roots of plants ; this process, therefore, seems to be carri- 
ed on only in proportion to the wants of the plant, and the sap 
descends no further, and in no greater quantity, than is requi- 
red to nourish the several organs. Therefore, though the sap 
rises and descends in the plant^it does not appear to undergo a 
Teal circulation. 

The last of the organs of plants is the flower ^ or blossom, 
which produces the fruits and seed. These may be considered 
as the uhimate purpose of nature in the vegetable creation. 
From fruits and seeds animals denve both a |:^entiful source of 
immediate nourishment, and an ample provision for the repro- 
duction of the same means of subsistence. 

The seed which forms the final product of mature plants, we 
have already examined as constituting the firat rudiments of fu- 
ture vegetation. 

These are the principal organs of vegetation, by means of 
which the several chemical processes which are carried on du- 
ring the life of the plant are performed. 

Emly. But how are the several principles which enter into 
the composition of vegetables so combined by the organs of the 
plant as to be converted into vegetable matter ? 

Mrs. B. By chemical processes, no doubt ; but the appara- 
tus in which they are performed is so extremely minute as to 
elude our examination. We can form an opiniop, therefore, 
only by the result of these operations. The sap Is evidently 
composed of water, absorbed by the roots, and holding in so- 
lution the various principles which it derives from the soil. 
From the roots the sap ascends through the tubes of the albur- 
num into the stem, and thence branches out to every extremity 
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of the plant Together with the sap circulates a certain quan- 
tity of carbonic aciii, which is gradually dbengaged from the 
former by the internal heat of the plant. 

Caroline, What ? have vegetables a peculiar heat, analo« 
gous to animal heat ? , 

Airs. B. It is a circumstance that has long been suspected ; 
but late experiments have decided beyond a doubt, that vegeta- 
ble heat is considerably above that of unorganised matter in 
winter, and below it in summer. The wood of a tree is about 
sixty degrees, when the thermometer is seventy or eighty de- 
grees. And the bark, though so much exposed, is seldom be- 
low forty in winter. 

It is from the sap, after it has been elaborated by the leaves, 
that vegetables derive their nourishment ; in its progress 
through the plant from the leaves to the roots, it deposits in the 
several sets of vessels with which it communicates, the materi- 
als on which the growth and nourishment of each plant de- 
pends. It is thus that the various peculiar juices, saccharine, 
oily, mucous, acid, and colouring, are formed ; as also the 
more solid parts, fecula, woody fibre, tannin, resins, concrete 
salts : in a word, all the immediate materials of vegetables, as 
well as the organised parts of plants, which latter, besides the 
power of secreting these from the sap for the general purpose of 
the plant, have also that of applying them to their own partic- 
ular nourishment. 

Emily. But why should the process of vegetation take place 
only at one season of the year, whilst a total inaction prevails 
during the other ? 

Mrs, B. Heat is such an important chemical agent, that its 
effect, as such, might perhaps alone account for the impulse 
which the spring gives to vegetation. But, in order to explain 
the mechanism of that operation, it has been supposed that the 
warmth of the spring dilates the vessels of plants, and produ- 
ces a kind of vacuum, into which the sap (which had remained 
In a state of inaction in the trunk during the winter) rises ; this 
is followed by the ascent of the sap contained in the roots, and 
room is thus made for fresh sap, which the roots, in their turn, 
pump up from the soil. This process goes on till the plant 
blossoms and bears fruit, which terminates its summer career : 
but when the cold weather sets in, the fibres and vessels coa- 
tract, the leaves wither, and are no longer able to perform their 
office of transpiration ; and as this secretion stops, the roots 
eease to absorb sap from the soil. If the plant be an annual, 
its life then terminates ; if not, it remains in a state of torpid 
inaction during the winter; or t|ie only ^in^ernal ^mption t^d^ 
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takes place is that of a small quantity of resinoa^ juice, which' 
slowly rises from the stem into the branch^s^ and enlarges then: 
buds during the winter. 

CaroHne* Yet, in evergreens, vegetation roust continue 
throughout the year. 

Mrs. B. Yes; but in winter it goes on in a very imperfect 
xhanner, compared to the vegetation of spring and summer. 

We have dwelt much longer on the history of vegetable 
chemistry than I had intended ; but we have at length I tbink^ 
brought the subject to a conclusion. 

CaroUne. I rather wonder that you did not reserve the ac- 
count of the fermentations for the conclusion ; for the decom- 
position of vegetables naturally follows their death, and can 
hardly, it seems, be introduced with so much propriety at any 
other period. 

Airs. B. It is difficult to <]etermine at what (point precisely 
k may be most eligible to enter on the history of vegetation; 
every part of the sublet is so closely connected, and forms 
such an uninterrupted chain, that it is by no means easy to di- 
vide it. Had I begun with the germination of the seed, whkh, 
at first view, seems to be the roost proper arrangement, I cdold 
not have explained the nature and fermentation of the seed, or 
have described the changes which manure must undergo, in or- 
der to yield the vegetable elements. To understand the nature 
of germination, it is necessary, I think, previously to decom- 
pose the parent plant, in order to become acquainted with the 
materials required for that purpose. I hope, therefore, that, 
upon second consideration, you will find that the order which I 
have adopted, though apparently less correct, is in fact the 
best calculated for the elucidation of the subject. 



CONVERSATION XXIIL 
ON THE COMPOSITION OF ANIMALS. 

Mrs* B. We are now eome to the last branch of chemistry | 
which comprehends the most complicated order of coropouivi 
beings. This is the animal creation, the history of which caA- 
Dot but excite the highest degree of curiosity and interest 
though we often fail in attempting toexplaui the laws by whicip 
it is governed. » • 

Emily. But smce all animals ultimately derive their nour- 
bhment from vegetables, the chemistry of this order of beings 



muai consist merely m tbecun version of vi'getabk into anrmal 
matter, ^ 

Mrs. B. Very true ; but the mrinner in which this is effect- 
ed isj in a great measure, coiicGHlEti from our observ?*tion. This 
process h called ammaUsaiion, and is perform^^d by peculiar 
organs. The diiJerencc of the auima! and vegetahk kingdoms 
does iKH however depend merely on a dllTerent arrangement of 
combinations. A new principle abounds in the animal king- 
dom^ which is but rarely and in very small quantities found in 
vegetables ; this is nitrogen. There is likewise in animal sub- 
stances a greater and more constant proportion of phospltoric 
acidj and other saline matters. But these are not e^ential to 
the CornKition of animal matter, 

Caroline, Animal compounds contaiDj then, four fundamen- 
tal principles ; oxygen, hydrogenj carbon j and nitrogen ? 

Mrs, B* Yes 5 and these form theimme(iiate materials of an- 
imals, which are gelalin^ albumen^ andj^ir/ne,* 

Emily. Aie those all ? I am surprised that animals shoold| 
be composed of fewer kinds of materials than vegetables 5 for 
they appear much more complicated in their organisation. 

Mrs, By Their organisation isceruilnly more perfect and in- 
tricate, and the ingredients that oocasionally enter into their 
compoijilkin are more numerous. But nol withstanding the 
wonderful variety observable jn the texture of the animal or- 
gans, we find that the original compounds^ from which all thtjt 
varieties of animal matter are derived, may be reduced to the 
three heads just mentioned. Animal substances bei[ig the most 
complicated of all natural compounds, are most easily suscept- 
ible of decompoaiiii>ii, as the scale of attractions increases iri 
proportion to the number of constituent principles. Their 
analysis is, however, bolii difficult and impertect ; for as they 
cannot be cxitmined in tlieir living slate, and are liable to alter- 
ation immediately after death, it is pnibable that, when subratr 
ted to the investigation of a chemist, they are always more or 
less altered in lijeir combinations and properties, from what they 
* were, winlst they made part of the living animal 

Kmi '^ . Th e m e re d i rn i n u li a o l' tp m [ )e ra t ud" , \v h icb 1 1 1 ey ex- 
perience by the privation of animal beat, mustj I should sup- 
pose j be suffiLiieni to derange the carder of aitractions that ejclst* 
ed during Ute* 

* Tiief€ are tht^ pnacip»l iii^redicjits 01 tiie soit piirla. But in ad" 
ditioQ to Hjeae, aaimal Bubstauces coritiiin, cuhurinif rndfitar of bhad, 
miieotis, sujphiiry pkosphorusj earths, alhiiuSj oih^ utids^ fc^i^t^j ^nd 
utfV^r^l others, wh icb ilia HBHeCGssciry 4o specify. Q 

26 . 
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^Sre. B. That h t>ne of the causes, notfoubt : hc^ there" ttrd 
many other circumstances which prevent iis from studying the 
nature of living animal substances. We must therefore, in a 
considerable (kgree, confine our reseaithes to the phenomena 
of these compounds in their inanimate state. 

These three kinds of animal matter, gelatine, albumen, and 
fibrine, form the basis of all the various parts of the animal 
systeof) ; either solid, as the akin, Jleehj nerves^ membfane^y 
cartilages, and bones ; or fluid, as bhod, chyle, milk, rmtam^ 
the ^5^r/c and pancreatic juices, bile, perspiration, saHva^ 
tears, &c. 

Caroline. Is it not surprising that so great a variety of sub- 
stances, and so different in their nature, should yet all arise from 
so few materials, and from the same original elements ? 

Mrs. B. The difference in the nature of various bodies tie- 
pends, as I have often observed to you. rather on (heir state of 
combination, than on the materials of which they aire compo- 
sed. Thus, in consideriiig the chemical nature of the creation 
in a general point of view, we observe that it is throughout 
composed of a very small number of elements. But when x^ 
divide it into the three kmgdoms, we find that, in the mineral, 
the Combinations seem to*result from the union of elements 
casually brought together; whilst in the vegetable and and atti- 
mal kuigdoms, the attractions are peculiarly and regularly in- 
duced by appi'opriate organs, whose action depends on the vi- 
tal principle. And we may further observe, that by means of 
certain spontaneous changes and decompositions, the elements 
of x)ne kind of matter become subservient to the reproduction 
of another ; so that the three kingdoms are intimately connect- 
ed, and constantly contributing to the preservation of each oth- 
er. 

Emilo. There b, however, one si^ry considerable class of 
' elements, which seems to be confined to the mineral kingdom: 
I mean metals. 

Mrs. B. Nor entirely 5 they are found,, though in very mi- 
nute quantities, both in the vegetable and animal kmgdoms. A 
small portion of earths and sulphur enters also into the com- 
position of organised bodies. Phosphorus, however, is almost 
entirely confined to the animal kingdom ; and nitrogen, bnt 
with few exceptions, is extremely scarce in vegetables. 

Let us now proceed taexamine the nature of the three pi*fn» 
cipal materials! of the animal system. 

Gelatine^ or jelly, is the chief ingredient of skin, and of all 
the membranous parts of animals. It may be obtained from 
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th€Be^$ubstaiH;eS;by me^nsof boihng water uo4er the forms of 
g(oe^ size, isinglass, and transparent jelly. ■ , 

Caroline, 3u| these are of a very different natore 5 they can- 
not therefore be all pure gelatine. 

Mr«, B. Not entirely, bntyry nearly so. Ghie* is extraict* 
ed frorn the skin of s^nimals. Size is obtained either from skin 
19 its natural state, or from leather^ Isinglass is gelatine pror 
oared from a particular species of fish ^ it is, you know, of this 
substance that the finest jelly is made, and this is done by 
merely dissolving the isinglass in boiling water^ and allowing 
the solution to congeal. ' 

. E/oHy^ The wine, lemon, aiid spices, are, I suppose^ added 
only to flavour the jelly ? 

Mrs. B. Eiaetly so. 

Caroline^ But jelly is often made of hartshorn shavings, and 
of calves' feet; do these substances contain gelatiqe? 

Mrs. B. Yes. Gelsuine may be obtained from almost any 
animal substance^ as it enters more or less into the composition 
of all of them. The process for obtaining it is. extremely sim* 
pie, as it consists merely in boiling the sttbstance Whldi con- 
tlMns it^ with water. The gelatine dissolves in water, and may 
|)e attained of any degree of consistence or strength, by evapo- 
rating this solution. Bones In particular produce it very plen-r 
-tifujily, as they consist of phosphat of lime combined or cement-^ 
ed by gelatine. Horns, which are a specif of bone, will yield 
abopdance of gelatine. The horns of the hart are reckoned to 
produce gelatine of the finest quality ; they are reduc^ to 4ha 
state of shavings in order that the jdly may be more easily ex* 
tracted by tlie water. It is of hartshorn shavings that the jd- 
lies for invalids are usually made, as they are of very easy di-* 
gestion. 

Caroline. It appears singular that hartshorO) which yields 
such a powerlul ingredient ai^ .ammonia, should at the sametim» 
produce so rnild and insipid a substance as jelly ? 

Airs. B. And (what is more surprising) it is from the gela- 
tine of bones that ammonia is produced. You mus*, ob-ierve, 
however, that the processes by which these two substances are 
obtained from bones are very different* By the simple action 
of water and heat, the gelatme is separated.; but in order to 
procure the ammonia, or what is commonly called hartshorn, 
the bones must be distilled, by which means the gelatine is de« 

* Bones, muscles, tendons, li^mmts, membranes, and skins, all of 
them yield glue. But the best is made Irom the skins of old animals. 

C. \ 
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composed, and hydrogen and nitrogen combined in the form of 
ammonia. Sq that the first operation is a mere separation of 
ingredients, whilst the second requires a chemical decomposi- 
tion. 

Caroline, But when jeHy Is npde from hartshorn shavings, 
what becomes of the phosphat of lime which constitutes the 
other part of bones ? 

Mrs, B, It is easily separated by straining. But the jelly Is 
afterwards more perfectly purified, and rendered transparent, 
by adding white of egg, which being (ioagulated by heat, rises 
to the surface along with any impurities. . 

Emily, I wonder that bones are not used by the common 
people to make jelly ; a great deal of wholesome nourishment, 
might, I should suppose, be procured from them, though the 
icily would perhaps not be quite so good as if made from harts- 
horn shavings ? ' 

Mrs, B. There is a prejudice among the poor against a sp€- 
cies,of food that is usually thrown to the dogs ; and as we can- 
not expect them to enter into chemical considerations, it is in 
5Jome degree excusable. Besides it require^ a prodigious quan- 
tity of fuel to dissolve bones and obtain the gelatine from them. 

The solution of bones in water is greatly promoted by an ac- 
ctimulation of heat. This may be eflfectt^d by means of an ex- 
tremely strong metalhc vessel,, called Papin^s digester ^ in 
which the bones and water are enclosed, without any possibili- 
^ ty of the steam making its escape. A heat can thus bexipp^ed 
much superior to that of boiling water ; and bones, by this 
means, are completely reduced to a pulp. But the process still 
consumes too much fuel to b« generally adopted among the low- 
er classes. 

Caroline, And why should not a manufacture be established 
for grinding or macerating bones, or at least for reducing them 
to the state of shavings, when I suppose they would dissolve as 
- readily as hartshorn shavings ? 

Mrs. B. They could not be collected clean for such a pur- 
pose, burthey are not lost, as they are used for making harts- 
horn an^ sal ammoniac; and such is the superior science and 
industry of this country, that we now send sal ammoniac to the 
Levant, though it originally came to us from Egypt. 

Emily. When jelly is made of isinglass, does it leave no se- 
diment? 

Mrs. B. No; nor does it so much require clarifying, as it 
consists almost entirely of pure gelatine, and any foreign matter 
that is mixed with it, is thrown oif during the boiling in the 
form of scum. — These are processes which you may see per- 
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formed ia great perfection in the culinary laboratory, by that 
Very able and most useful 'chemist the cook. 

Caroline. Tp what an immense variety* of purposes chemis- 
try is subservient ! 

Emily, It appears, in that respect, to have an advantage over 
most other arts and sciences ; for these, very often, have a ten- 
dehcy to confine the imagination to their own particular object, 
whilst the pursuit of chemistry is so extensive and diversified, 
that it inspires a general curiosity, and a desire of enquiring in- 
to the nature of every object. 

Caroline, I suppose that soup is likewise composed of gela- 
tine ; for, when cold, it often assumes the consistence of jelly ? 

Mrs, jB. Not entirely ; for though soups generally contain a 
quantity of gelatine^ the most essential ingredient is a mucous 
or extractive matter, a peculiar animal substance, very soluble 
in water, which has a strong taste, and is more nourishing thati 
getatine. The various kinds of portable soup consist of this ex- 
tractive matter in a dry state, which, in order to be made into 
soup, requires only to be dissolved in water. 

Gelatine, in its solid'state, is a semiductile transparent sub- 
statiee, without either taste or smell.— When exposed to heat, 
in contact with air and water, it first swells, then fuses, and 
finally burns. You may have seen the first part of this opera- 
lion performed in the carpenter's glue- pot. 

Caroline, But you said that gelatine had lio smell, and glue 
has a very^disagreejable one. 

Afrs» B, Glue is not.pure gelatine 5 as it is not designed for 
eating, it is prepared without attending to the state of the ingre- 
dients, which are more or less contaminated by particles that 
have become putrid. 

Gelatine may be precipitated from its solution in water by 
alcohol. — We shall try this experiment whh a glass of warm 
jelly. — You see that the gelatine subsides by the union of the 
alcohol and the watem 

Emily, How is it^ then, that jelly is flavoured with wine, 
without producing any precipitation ? 

Mrs, B, Because the alcohol contained in wine js already 
combined with water, and other ingredients, and is therefore 
not at liberty to act upon the jelly as when in its separate state. 
Gelatine is soluble both in acids and in alkalies ; the former, 
you know, are frequently used to season jellies. 
• Caroline, Among the combinations of gelatine we must not 
forget one which you formerly mentioned j that with tannin, to 
form leather. 

J\lr^ B, Tru€ 5 but you must observe that leather can b^ 
26* 
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produced only by gelatine in a membr^ous state; for though 
pure gelatine and tannin will produce a substance chemically 
similar to leather, yet the texture of the skin is fequisite to make 
it answer the useful purposes of that substance. 
' The next animal sut^ance we are to examine is albumen jr 
this, although cpnstituting a part of most of the animal com- 
pounds, is frequently found insulated in the animal sy^em ; 
the white of egg, for instance, consists almost entirdy erf dlbu* 
men ; the substance that composes the nerves, the serum^ or 
white part of the blood, and the curds of milk, are little else 
than albumen variously modified. 

In its most simple state, albumen appears in the form of a 
transparent viscous fluid, possessed of no distinct taste or smell ; 
k coagulates at the low temperature of l65 degrees, and, when 
once solidified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them capable of coag- 
ulating albumen in the same manner as heat, as I am going to 
show you. 

Entity. Exactly so. — Pray, Mrs. B.^what kind of action is 
* there between albumen arjd silver ? I have sometimes ol^rv- 
ed, that if the spoon with which I eat an egg happens to be 
wetted, it becomes tarnished. 

Mrs. B, It is becausb the white of egg (and, indeed, albu- 
men in general) contains a little sulphur, which, at the tempe- 
rature of an egg just boiled, will decompose the drop of watei; 
that wets the spoon, and produce sulphurated^ hydrogen gas, 
which has the property of tarnishing silver. 

We may now proceed io fibrine. This is an insipid and in- 
odorous substance, having somewhat the appearance of fine 
white threads adhering together; it is the essential constituent 
of muscles or flesh, in which it is mixed with and softened by 
gelatine. It is insoluble both in water and alcohol, but sulphu- 
ric acid converts it into a substance very analogous to gelatine. 
These are the e^sential and general ingredients of animal 
matter 5 but there are other substances, which, though not pe-; 
culiar to the animal system, usually enter into its composition^ 
SQch as oils, acids, salts, &;c. 

Animcd oil is the chief constituent of fat ; it is contained in 
abundance in the cream of milk, whence it is obtained in the 
form of butter. 

Emily. Is animal oil the same in its composition as vegeta^ 
hie oils? 

Mrs. B. Not the same, but very analogous. The chief dif* 
iierence is that animal oil contains nitrogen^ a principle which 
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seldom enters into tbe composition of vegetable oils, aod never 
in so large a proportion. 

„ There are a few^nioial acids, that is to say, acids peculiar 
to animal matter, Irom whicl^ they are almost exclusively ob^ 
tained^ -. 

The animal acids have triple bases of hydrogen, carbon, and 
nitrc^en. Some of them are found native in animal mattery 
others are pgpduced during its decomposition. 

Those that we find ready formed are : 

The bombic acidy which is obtained from silk-worms. 

The ybrmic acirf, from ants. 

The Uuic acid, from the whey of milk. 

The aebacicy from oil Or fat. 

Those produced during the decomposition of ai.imal sub* 
stances by heat, are the prussic and zoonic acids. This last ^ 
isproduced by the roasting of meat, and gives it a brisk fla-' 
vour. 

Caroline. The class of animal acids is not very extensive? 

Mrs, B, No; nor are they, generally speaking, of great im- 
portance. The prussic acid* is, I think, the only one suffi- 
ciently interesting ,to require any further comment. It can be 
formed by an artificial process without the presence of any ani- 
mal matter; and it may likev\:sebe obtained from a vaiietyiof 
vegetables, particularly tbos#)f the narcotic kind, such as pop* 
pies, laurel, &c. But it is commonly obtaifted from blood, by 
strongly heating that substance with caustic potash; the alkali 
attracts the acid from the blood, and forms with it nprussiat of 
potash. Fi-om this state of combination the prussic acid can 
be obtained pure by means of other substances which have the 
power of separating it from the alkali. 

Emily. But ff this acid does not exist ready formed in blo*d« 
how can the alkali attract it from thence ? 

♦Prussic acid can be obtained from Prussian btrfe iprmsiate of 
iron) by the following process. Take 4 ounce? of prussiaa blue, pul- 
verize it finely, and mix wiib it 2 t-2 ounces of red oxide of mercury 
(red pTccipiiate f) boil the eiixture with 12 ooiicet of wat6r in a gla«a 
vessel, frequently stiring it with a stick. Filter tbe solution, which k 
^ jprusfiate of mercuri/, and is formed by the transfer of the prusaic 
acid, from the iron to the mercury. Put this solution into a retort, and 
add to it two ounces of clean iron filings and siac drachms of sulphuric 
acid, and distil oflf two and a half ounces of prussic acid. This pro- 
ces^reqaires a good apparatus, and ought not to be undertaken by 
any one who has not a knowledge of practical chemistry The fumes 
during the distilation ought carefully to be avoided as poisonouft. 
Frussic acid has of late been much used in medicine, as a remedy in 
coMumption, hooping cough, Sic. C. 
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Mrs. B. It is the trippk basis only of this acid t^ eisists iit 
the blood; and this is developed and brought to the state of 
acid, during the combustion. The acid therefore is first form- 
ed, and it afterwards. combines with the potash. 

Emily. Now I comprehend it. But how can the pr^issic 
acid be artificially made ? " 

AJrs. B. By passing ammoniacal gas over red-hot charcoal ; 
and hence we karn that the constituents of this ac^ are hydro- 
gen, nitrogen, and carbon. The two first are deri^d from the 
volatile alkali, the last from the combustion of the charcoal. 

CaroHne. But this does not accord with the system of oxy- 
gen being the principle of acidity. 

Mrs. B. The colouring matter of prussian blue is called aa 
acid, because it unites with alkalies aiui metals, and not from 
any other characteristic properties of acids; perhaps the name 
is not strictly appropriate. But this circumstance, together 
with some others of the same kind, has induced several chem- 
ists to think that oxygen may not be the exclusive generator^ of 
acids. Sir H. Davy, I have already informed you, was led by 
his experiments on dry acids to suspect that water might be, es- 
sential to acidity. AikI it is the opmion of some chemists that 
acidity may possibly depend rather on the arrangement than 
on the presence of any particular principles. But we have not 
yet done with the prussic acidi^ It has a strong affinity for 
metallic oxyds, and precipitates the solutions of iron in acids 
of a blue colour. This is the prussian blue, or prussiat of iron, 
so much used in the arts, and with which 1 think you must be 
acquauited. 

Emily. Yes, I am ; it is much used in painting, both in oil 
and in water colours; but it is not reckoned a permsinent oil- 
cdour. 

Mrs. B. That diefect arises, I believe, in general, from its be- 
ing badly prepared, which is the case when the iron is Yiot so 
fully oxydated^s to form a red oxyd. For a solution of green 
oxyd of iron (in which tlie metal is more slightly oxydated,) 
makes only a pale green, or even a white precipitate, with 
priissiat of potash ; and this gradualjy changes to bkie by be- 
ing exposed to the air, as I can immediately show you. 
' Caroline. It already begins to assume a pale blue colour. 
Bat how does the air produce this change ? , 

Mrs. B. By oxydating the iron more perfectly. If we poor 
some nitrous acid on it, the prussian blue colour will be imnie* 
diately produced, as the acid will yield its oxygen to the pre* 
cipitate and fully saturate it with this principle, as you shall see. 
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* Caroline. It is very cadoas tasee a colour change so insta^ 
taneoosly. 

Mrs. B, Hence you perceive that prussUin blue cannot be a 
perq^anent colour, unless prepared with red oxyd of iron, since 
by exposure to the atmosphere it gradually darkens, |and in a 
short time is no longer in harmony with the other colours of the 
f)iainting. 

Carolvne. But it can never become darker, by exposure to 
the atmosphere, than the true prussian blue, in which the oxyd 
is perfectly saturated ? 

Mrs. B. Certainly not. But in painting, the artist not reck- 
oning upon partial alterations in his colours, gives his blue tints 
that particular shade which harmonises with the rest of the pic- 
ture. If, afterwards, those tints become darker, the harmony 
«€ the colouring must necessarily be destroyed. 

CcuroUne* P«*ay) of what nature is the paint called carmine ? . 

Mrs. B. It is an animal colour prepared from cochineal, an 
insect, the infusion of which produces a very beautiful red.* 

Caroline. Whilst we are on the subject of colours, I should 
like to learn what ivory black is ? 

Mrs. B. It is a carbonaceous substance obtained by the com- 
bustion of ivory. A more common species of black is obtain* 
ed from the burning of bone. 

Caroline. But during the combustion of ivory or bone, the 
carbon, I should have imagined, must be converted into carbo- 
nic acid gas, instead of this black substance ? 

Mrs. B. In this, as in most combustions, a condiSerable part 
of the carbon is simply volatilised by the heat, and again ob- 
tained concrete on cooling. This colour, therefore, may be 
'Called the soot produced by the burning of ivory or hone. 



CONVERSATION XXIV. 

ON THE ANIMAL ECOJ^JOMY. 

Mrs. B. We have now acquired some idea of the various 
.materials which compose the animal system 5 but if you arc 
curious to know in what manner these substances are formed 
by the animal organs, from vegetable, as well as from animal 
substances, it will be necessary to have some previous knour- 

* Carmine is obtained by precipitating the colonring matter from 
Ml infiwionof the insect by means of a solution of tin. C. 
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Mgeof the natoreand fonctloos of these ofgmt^iiriiiiaiit wl|lct| 
it is impossible to form any distinct idea of the process of wti- 
wmiiaation 9ind mtirition. 

Caroline. I do not exactly understand the meaning of the 
word animalisation ? * . . 

Mr9. B» Animalisation is the process by which the food is 
assimilatedf that b to say, converted into animal matter ; im4 
nutrition ia^that by which the food thus asnmtlaled is waAer-^ 
ed subservient to the purposes of nourishing «nd maintauui^ 
the animal svstem. ' 

EmUif. This, I am sure, must be the most interesting of ail 
the branches of chemistry ! 

Caroline. So I think ; particulniy as I e3:pect that we shali 
bear something of the nature of respiration, and of the circular* 
tion of the blood ? 

J^ra. B. These functions undoubtedly occupy a most impoiw 
tant place in the history of the animal economy.— But I must 
previously give you a very sdiort account of the principal -oi> 
gans by which the various operations of the animal system-«re 
performed* These are : 

The fioftes!, 

Musclesy 
. Blood vesselsy 
Lympc^hic vesseh, 
Glands, and 
' Nerves* 

The bolter are the most solid part of the animal frame, an^ 
In^ great measure determines its form and dimensions. Yoo 
recdUect, I suppose, what are the ingredients which enter into 
their composition ? 

Caroline* Yes; pbosphat of lime, cemented by gelatine. 
' MrSf B. During the earliest period of animal life, they con* 
aist almost entirely of gelatinous membrane having the form of 
the bones, but of a loose sponzy texture, the cells or cavities of 
which are desthied to be filled with phosphat of lime ; it is the 
gradual acquisition of this salt which gives to the bones their 
subsequent hardness and durability. Infants Brst receive it 
from their mother's milk, and- afterwords derive it from, all ani- 
mal and from most vegetable food, especially farinaceous sub* 
stances, such as wheat-fiour, whieh contain it in sensible quan- 
tities. A portion of the phosphat, after the bones of the infant 
have been sufficiently expanded and solidified, is .deposited in 
the teeth, wblch consist at irstonly of a geiaiinoiis membrane 
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•r case, fitted for the reception of this salt ; and which, after 
acquiring hardness within the gum, gradually protrude from it. 

CaroHne, How very curious this is ; and how ingeniously 
nature has first provided for the solidification of such bones a$ 
are immediately wanted, and afterwards for the formation of 
the teeth, which would not only be useless, but detrimental in 
iriftmcyf 

Mrs, B, In quadrupeds the phosphats of lime is deposited 
Kkewbe in their horns, and the hair or wool with which they 
are generally clothed. 

• In birds it serves also to harden the beaks and the quills of 
their feathers. • 

When animals are arrived at a stlite of maturity, and their 
bones have acquired a sufficient degree of solidity, the phosphat 
of lime which is taken with the fo(xi is seldom assimilated, ex« 
cepting when the female nourishes her young ; it is then all se- 
creted into the mHk, as a provision for the tender benes of th« 
nursling. 

EmUy, So that whatever becomes superfluous to one beings 
ii^ immediately wanted by another; and the child acquires 
stl-engthprecbely by the species of nourishment which is no 
Ibnger necessary to mother. Nature is, indeed, an admirable 
economist ! 

Caroline, Pray, Mrs. B., does^ not the disease in the bones 
of children, called the rickets, proceed from a deficiency of 
phosphat of lime ? • 

Mrs, B. I have heard that this disease may arise from two- 
causes ; it is sometimes occasioned by the growth of the mus- 
cles being too rapid in proportron to that of the bones. In this 
case the weight of the flesh is greater than the l>ones can sup- 
port, aOd presses on them so as to produce a swelling of the 
joints, which is the great uidication of the riqkets. The other 
cause of this disorder is supposed to be an imperfect jlige*?tion 
and assimilation of food, attended with an access of acid, which 
eouiiteracts the formation of phosphat of lime. In both hi- 
stancfis, therefore, care should be taken to alter the child's tliet^ 
not merely by increasing the quantity of aliment containing 
phosphat of lime, but also by avoiding all food that is apt t^ 
turn acid on the stomach, and to produce indigestion. But the 
best preservative against complaints of this kind is, no doubt, 
-* good nursing : when a child has plenty of air and exercise, the 
. digestion and assimilation wHl be properly performed, no acid 
• will be produced to interrupt these functions, and the muscles 
* and bones will grow together in just proportions. 

CaroHne, I have often heard the riekets attributed to bad 
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nursing, but I ntver coukl htve guessed «rbat conne^ti^ there 
was between exercise and the formation of the bones. 

Mrs, B. Eiercise is generally beneficial to all the animal 
jftinctions. If man is destined to labour for his snbststesGe, tbe 
bread which he earns is scarcely more essential to his be^tb 
and preservation, than the exertions by which he obtains it^ 
Those whom the gifts of fortune have placed above the necesai^ 
ty of bodily labour, are compelled to take exercise in some mod^ 
or other, and when they cannot convert it into an amttsemeht'^ 
they must submit to it as a task, or their health will soon expe- 
rience the ^ects of their indolence. 

Emily. That will never be my case : for, exercise, unless it 
becomes fatigue, always gives me pleasure ; and, so far from 
being a task, is to me a source of daily enjoyment. loAen 
think what a blessing it is, that exercise, which is so conducive 
to healthy should be so delightful ; whilst fatigue, which Is rather 
hurtful, instead of pleasure, occasions painful sensations. So 
that fatigue, no doubt, was intended to moderate our bodily ex- 
ertions, as satiety puts a limit to our appetites. 

Mrs. B. Certainly. — But let us not deviate too fer from our 
subject. — The bones are connected together by ltgamentaf| 
which consist of a white thick flexible substance^ adhering it 
their extremities, so far as to secure tlie joints firmly, though 
without impeding their motion. And the joints are moreover 
covered by a solid, smooth, elastic, white substance, called 
cartilage^ the use of which is to allow, by its smoothness and 
elasticity, the bones to slid'.' easily over one another, so that 
the joints may perform their office without difficulty or detri- 
ment. 

Over the bones the mmdes are placed f ;hey consist of bun- 
dles of fibres which terminate in a kind of string, or ligament^ 
by which they are fastened to the bones. ^ The muscles are tlie . 
organs of motion ; by their power of dilatation and contrac- 
tioi^ tliey -put into action the bones, which act as levers, in. all 
the motions of the body, and form the solid support of its. va- 
rious parts. The muscles are oi various degrees of strength or 
'consistence in difierent species of smimals. The mammifei^ous 
tribe, or those that suckle their young, seem in this respect to 
occupy an intermediate place between birds and cold-blooded 
animals, such as reptiles and fishes. 

Emily* The different degrees of firmness and solidUy in.ihe 
muscles of these several species of animals proceed, I iai^ia«, 
firom the di^rent nature of the food on which they subsist ? • 

Mrs. B. No ; that is not supposed to be the case : for the ht|- 
man species, who are of the mammiferous tribe, livp o(> 
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ittora substantial food than birds, and yet the latter exceed them 
in muscular strength. We shall hereafter attempt to account 
for this di^erence ; but let us now proceed in the examination 
of the animal functions. ^ 

The next class of organs is that of the vessels of the body, 
the office of which is to convey flie various fluids throughout the 
frame. These vessels are innumerable. The most considera- 
l^le of them are those through which the blood circulates, which 
are of two kinds : the arteries, which convey it from the heart 
to the> extremities of the body, and the veinsy which bring it 
back into the heart. 

Besides these, there are a numerous set of small transparent 
vessels, destined to absorb and convey different fluids into the 
blood; they, are generally called the absorbent or lymphatic 
vessels : but it is to a portion of them only that the function of 
conveying into the blood the fluid called li/mph is assigned. 

Emily. Pray what is the nature of that fluid ? 

Mrs. 5. The nature and use of the lymph have, I believe, 
never been perfectly ascertained ; but it is supposed to consist 
of matter that has been previously animalised, and which, after 
answering the purpose for which it was intended, must, in reg- 
ular rotation, make way for the fresh supplies produced by 
nourishment. The lymphatic vessels pump up this fluid from 
every part of the system, and convey it into the veins to be 
njjxed with the blood which runs through them^ and which is 
commonly called venous blood. 

Caroline* But does it not again enter into the animal system 
through that channel ? 

Mrs. B. Not entirely ; for the venous blood does not return 
Into the circulation until it has undergone a peculiar change, in 
which it throws off" whatever is become useless. 

Another set of absorbent vessels pqmp up the chi/lc from the 
stomach and intestines, and convey it, after tuany circumvolu 
tions, into the great vein near the heart.* 

Emily. Pray what is chyle ? 

Mrs. B. It is the substance into which food is converted by 
digestion. 

Caroline. One set of the absorbent vessels, then, is en^ploy- 
ed in bringing a\fay the old n^aterials which are no longer fit 

* This is a mistake. The chyle is conveyed into the trunk of the 
a'bsofbent system, caJIed by anatomists the thoracic ducU This runs 
ia a serpentine dii^ction along the internal side of the back bone op 
to the Mubtlavian mn, which lies imder the collar bone li^to this 
vein the chyle is discharged and mixes with the bjood, ant} before it 
f&acbe^ the heiMtt it |s ponverted int9 blood itgeIC C« 

2r 
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for use ; whilst the other set is busy in conveyinf; into ^ blood 
" the new materials that are to replace them. 

Etmly. ^hat a great variety of ingredients must enter Into; 
Ibe composition of the blood ? 

Mra, B. You must observe that there is also a great variety 
of substances to be secreted from it. We may compare the 
blood to a general receptacle or storehwise for ail kinds pf com- 
moditiesy which are alterwardsr fashioned^ arranged^ and dispo- 
sed of as circumstancs require. 

There is another set of asorbent vessels in females which is 
destined to secrete milk for the nourishment of the youngs 

Emly. Pray is not milk very analogous in its composition 
to blood ; for^ since the nursling derives its nourishment from 
that source only, it must contain every principle which the ani* 
mal system requires ? 

Mr«. B. Very true. Milk is found, by its analysis, to con- 
tain the principal materiab of animal matter, albumen, oil, and 
phosphat of li^me ; so that the suckling has but little trouble 
to digest and assimilate this nourishment. But we shall exa- 
mine the composition of milk more fully afterwards. 

In many parts of the body numbeis of small vessels are coi*- 
lected together in little bundles c<alled glands^ from a Latin 
word meaning acomy on account of the resemblance which some 
of them bear in shape to that fruit. The function of the glands 
is to $ecrete, or separate certain matters from the blopd. 

The secretions are not only mechanical, but chemical sepa- 
rations from the blood ; for the substances thus formed, though 
contained in the blood, are not ready combined in that fluid. 
The secretions are of two kinds, those which form peculiar an- 
imal fluids, as bile, tears, saliva, &c. ; and those which. pro- 
duce the general materials of the animal system, for the pur- 
pose of recruitiitg and nourishing the several organs of the 
body ; such as albumen, gelatine, and fibrine ; the latter may 
be distinguished by the name oi nutritive secretions, 

Caroline* I am quite astonished to hear that all the secre- 
tions should be derived from the blood. 

Emily. I thought that the bile was produced by the liver ? 

Mrs. £. So it is ; but the liver is nothing more th;;n a very 
large gland, which secretes the bile from the blood. 

The last of the animal organs which we have mentioned are 
the nerves ; these are the vehicles of sensation, every other par$ 
of the body being, of itself, totally insensible, 

Caroline. They must then be spread through every part of 
the frame, for we are every where susceptible of feeling. 

BnUly. Exceptmg the nails and the hair. 
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'Mrs, B. A'nd^hoseare almost the only parts in which nervM 
cannot be discovered. The common source of all the nerves b 
the brain ; thence they decend, sooie of them through different 
apertures In tiie skull, but the greatest part throi^h the baflL 
bone, and extend themselves by innumerable ramifications 
throagboot the whole body. They spread themselves over the 
muscles, penetrate the glands, wmd round the vascular systemj, 
and even pierce into the interior of the bones. It is most pro* 
bably through them that the commilnicatton is carried on be- 
tween the mind and the other parts of the body; but in what 
manner they are acted on by the mind, and made to re-act on 
the body, is still a profound secret. Many hypotheses have 
been formed on this vary obscore subject, hat they are all equal- 
ly- improbable, and it woald be useless for us to, waste our time 
in conjectures on an enquiry, which, in all probability, is be- 
yofid the reach of human capacity. 

^aroUne, But you have not mentioned those partictilar 
nerves that form the senses of hearing, seeing, smelling, and 
tasting ? 

Mrs, B. They are considered as being of the same nature as 
those which are dispersed over every part of the t>ody, and con- 
stitute the general sense of feeling. The diflferent sensations 
which they produce arise from their peculiar situation and con- 
nection with the several organs of taste, smell, and hearing. 

Emily. But these senses appear totally different fiom Uiat of 
feeling ? 

Mrs, B, They are all of them sensations, but variously modr 
ified according to the nature of the diflferent organs in which 
the nerves are situated. For, as we have formerly observed, it 
is by contact only that the nerved are affected. Thus odorifer- 
ous panicles must strike upon the nerves of the nose, in order 
to excite the sense of smelling ; in the same manner that taste 
is produced by the particular substance coming in contact with 
the nerves of the tongue. It is thus also that the sensation of 
sound is produced by the concussion of the air striking against 
the auditory nerve ; and sight is the effect of the light falling up^ 
on the optic nerve. These various senses, Iherefore, are ef- 
fected only by the actual contact of particles of inatter, in the 
same manner as that of feeling. 

The different organs of the animal body, though easily sepa- 
rated and perfectly distinct, are loosely connected together by 
a kind of spongy substance, ip texture somewhat resembling 
net-work, called the cellular membrane ; and the whole b cov- 
^ ered by the skin. 

The skin J as well as the bark of vegetables, is formed of 
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three coats. The external one is called the cuticle or epider- 
mis; the second, which is called the mucous membrane, is of a 
thin so(\ texture, and consists of a mucous substance, which in 
negroes is blacky and is the cause of their skin appearing of 
that colour. 

Caroline. Is then the external skin of negroes whitfe Hfce 
xmrs? 

Mrs. B. Yes ; but as the cuticle is transparent, as well as 
porous, the blackness of the mucous membrane is visible through 
k. The extremities of the nerves are spread over this skin, so 
that the sensation of feeling is transmitted through the doticle. 
The internal covering of the muscles, which is properly the 
skin, is the thickest, the toughest, and most resisting of the 
whole ; it is this membrane* which is so essential in the arts^ by 
forming leather when combined with tannin. 

The skin which covers the animal body, as well as those 
membranes that form the coats (^ the vessels, consists almost 
exclusively of gelatine ; and is capable of being converted into 
glue, size, or jelly. 

The cavities betwen the muscles and the skin are usually fil- 
led with fat, which lodges in the cells of the membranous net 
before mentioned, and gives to the external form (especially in 
the human figure) that roundness, smoothness, and softness, so 
essential to beauty. 

Emily. And the skin itself is, I think, a very ornamental 
part of the human frame, both from the fineness of its texture, 
and the variety and delicacy of its tints. 

Mrs. B. Thb variety and harmonious gradation of colours, 
proceed, not so much from the skin itself, as from the internal 
organs which transmit their several colours through it, these be- 
ing only softened and blended by the colour of the skin, which 
is unrforraly of a yellowish white. 

Thus modified, the darkness of the veins appears of a pale 
blue colour, and the floridness of the arteries is changed to a 
delicate pink. In the most transparent parts, the skin exhibits 
the bloom of the rose, whilst where it is more opaque its own 
colour predominates ; and at the joints, where the bones are 
most prominent, their whiteness is often discernible. In 
a word, every part of the human frame seems to contribute to 
its external grace ; and thft not merely by producing a pleas- 
ing variety of tints, but by a peculiar kind of beauty which be- 
longs to each individual part. Thus it is to the solidity and ar- 
rangement of the bones that the human figure owes the grandeur 
of its stature, and its firm and dignified deportment. The mus- 
cles delineate the form, and stamp it wfih energy and gra^. 
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knd the soft substance which is spread over them snaooths their 
ruggedness, and ^ives to the contours the gentle undulations of 
the line of beauty. Every organ of sense is a peculiar and sep- 
arate ornamenl; and the skin, which polishes the surface, and 
gives it that charm of colouring so inimitable by art, finally con* 
spires to render the whole the fairest work of the creation. 

But now that we have seen in what manner the animal frame 
is formed^ let us observe howit provides for its support, and 
bow the several organs, which form so complete a whole, are 
nourished and maintaftoed. 

This will lead us tQ a more particular explanation of the in- 
ternal organs : here we shall not meet with so much apparent 
beauty, because these parts were not intended by nature to be 
exhibited to view ; but the beauty of design, in the internal or- 
ganisation of*the animal frame, is, if possible, still moi^e remark- 
able than that of th6 external parts. 

We shall defer this subject till our next interview. 



CONVERSATION XXV. 

ON ANiMALlSATJON, NUTRITION, AND 
RESPIRATION. 

Mrs. B, Wb bave now learnt of what materials the animal 
S3^tem is composed, and bave formed some idea of the nature 
of its organisation, tn order to complete the subject, it re- 
mains for us to examine in what manner it is nourished and 
supported. 

Vegetables, we have observed, obtain tlieir nourishment 
from various substances, either in their elementary state, or in a 
very simple state of combination ; as carbon, water, and salts, 
which they pump up from the soil ; and carbonic acid and ox- 
ygen, which they absorb from the atmosphere. 

Animals, on the contrary, feed on substances of the most 
complicated kind ; for they derive their sustenance, some from 
tlie animal creation^ others from the vegetable kingdom, and 
some from both. 

Caroline. And there is one species of animals, which, not 
satislied with enjoying either kind of food in its simple state, 
has invented the art of combining them together in a thousand 
ways, and of rendering even the mineral kingdom ^subservient 
to its refinements. 

Emilv* Nor is this all ^ for our delicacies are collected from 
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the variout climates of tbe earth, so that the four qtiarters of 
the globe are often obliged to cootribute to the preparation o( 
our simplest dishes. 

CaroUne* But the very complicated substances which can!- 
stitute the nourishment of anUimlSy do not^ I suppose, enter ii& 
to their system in their actual state of comJiinatiofi ? : 

Mrs. B. So for from it, that they not only undergo a new ar- 
rangement of their parts, but a selection b made of sudi as are 
nostproperfor the nourishment of the body, and those only 
enter into the system, and are animalised. 

Emily. And by what organs is this process performed ? 

jMrs, B. Chiefly by the stomach, which is the di^im of di« 
gestion, and the prime regulator of the aniinal frame. 

Digestion is the first step toward nutrition. It consists in 
reducing into one homogeneous mass .the various substances 
that are taken as nourishment; it is performed hy first chewing 
and mixing the solid aliment with the saliva, which reduces in 
to a soft mass, in which state it is conveyed into the stomach, 
wheie it is more completely dissolved by the gastric juice. 

This fluid (which is secreted into the stomach by appropi^t- 
ate glands) is so powerful a solvent- that scarcely any substan- 
ces will resist its action. 

Emihf. The coats of the stomach, however, cannot be at- 
tacked by it, otherwise we should be in danger of havmg them 
destroyed when the stomach was empty. 

Mrs. B. They are probably not sublet to its action ; as long, 
at least, as life continues. But it appears, that;,when the gastnc 
juice has no foreign substance to act upon, it is capable of oc- 
casioning a degree of irritation in the coats ot the stomach, 
which produces the sensation of hunger. The gastric jiuce, 
together with the heat and muscular action of the stomach, 
converts the aliment into an uniform pulpy mass called chyme. 
This passes into the intestines, where it meets with the bile and 
some other fluids, by the agency of which, and by the opera- 
ti(^n of other causes hitherto unknown, the chyme is changed 
into chyle, a much thinner substance, somewhat resembling 
milk, which is pumped by immense numbers of small absor- 
l>ent vessels spread over the internal surface of the intestines. 
These, after many circumvolutions, gradually meet and unite 
into large branches, till they at length collect the chyle into 
one vessel, which pours its contents into the great vein near the 
heart, by which means the food, thus prepared, enters into the 
circulation. . *. 

Caroline. But I do not yet clearly understand how the bhied, 
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thus #Mrned, Boorishes the body and supplies all the secretions ? 
Mr& B, Before this can be explained to you, you must first 
allow me to complete the formation of the blood. The chyle 
may, indeed, be considered as forming the chief ingredient of 
blood ; but this fluid is not perfect until it has passed throt^ 
the lungs, and undergone (together with the blood that has 
already circulated) certain necessary changes that are effected 

by EESPIRATION. 

Caroline, I am very glad that you are going to explain th# 
nature of respiration : I have often longed to understand it, for 
though we talk incessantly of breathings I never knew pre- 
cbdy what purpose it answered. 

Mrs* B. It is indeed one of the most interring processes 
imaginable ; but, in order to understand this function well, it 
will be necessary to enter into some previous explanatioi^* 
Tell me, £mily,-^what do you understand by respiration ? 

Endly. Respiration, I conceive, consists simply in alternate* 
ly inspiring air into the lungs, and expiring it from them. 

jWe. ti. Your answer will do very well as a general defini- 
tion. But, in order to form a tolerably clear notion of the va- 
raous phenomena of respiration, there are many circumstances 
to be taken into consideration. 

In the first place, there are two things to be distinguished in 
respiration, the mechanical and the chemical part of the pro- 
cess. 

The mechanism of breathmg depends on the alternate et- 
pansioas and contractions of the chest, in which the lungs are 
contained.' When the chest dilates, the cavity is enlarged, and 
the air rushes in at the mouth, to fiU up the vacuum formed by 
this dilatation, when it contracts, the cavity is diminished, and 
tl|e air forced out again. 

Caroline, I thought that it was the lungs that contracted and 
expanded In breathing } 

Mrs. B. They do likewise ; but their action is only the con- 
sequence of that of the chest. The lungs, together with the 
heart and largest blood vessels, in a manner fill up the cavity jof 
the chest ; they could not, therefore, dilate if the chest did not 
previously expand : and, on the other hand, when the chests 
contracts, it compresses the lungs and forces the air out of them. 

Carvline, The lungs, then, are like bellows, and the chest 
is the power that works them. 

Mrs. B. Precisely so. Here is a curious little figure (Plate 
XV. fig. 5.,) which will assist me in explaining the mechanism 
f^ breathing. 
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CaroHne. What a droll figure ! a little head fixed upon a 
glass bell, with a bladder tied over the bottom of it ! 

Mrs, B. You must observe that there is another bladder 
within the glass, the neck of wbch communicates with the 
mouth of the figure — this represents the lungs contained with^ 
in the chest; the other bladder, which you see is tied looser 
represents a muscular membrane, called the diaphragm^ which 
separates the chest from the lower part of th6 body. By the 
#hesc, therefore, I mean that large cavity in the upper part of 
tfae body contained within the ribs, the heck> dhd the dia« 
phragm ; thb membrane is muscular,* and capable of contrac- 
tion and dilatation. The contraction may be imitated by draw- 
ing the bladder tight over the bottom of the receiver, when the 
air in the bladder, which represents the lungs, will be forced 
'out through the mouth of the figure — 

Emily. See, Caroline) how it blows the flame of the candle 
in breathing ? 

Mn* B. By letting the bladder loose again, we imitate the 
dilatation of the diaphragm, and the cavity of the chest being 
telarged, the lungs expand, and the air rushes in to fill them* 

EmUy, This figure, I think, gives a very clear idea of the 
process of breathing. 

Mr8, B. It illustrates tolerably well the action of the Iimgs 
and diaphragm.; but those are not the only powers concerned 
in the enlargement or diminution of the cavity of the chest ; the 
ribs are also possessed of a muscular motion for the same pur- 
pose ; they are alternately drawn in, edgeways, to assist the 
contraction, and stretched out, like the hoops of a barrel, to 
contribute to the dilatation of the chest. 
' Emily. | always supposed that the elevation and depression 
of the ribs were the consequence, not the cause of breathing* 

Mrs. B. It is exactly the reverse. The muscular action of 
the diaphragm, together with that of the ribs, are the causes oi' 
the contraction aiul expansion of the chest ; and the air rush- 
ing into, and being expelled from the lungs, are only consequ^n^ 
ces of those actions. 

Caroline* I confess that I thought the act of breathing be- 
gan by opening the mouth for the air to rush in, and that it was 
the air alone, which, by alternately rushing in and out, occap 
sioned the dilatations and contractions of the Idngs and chest* ., 

Mrs, B, Try the experiment of merely opening your mouth ; . 
the air will not rnsh in, till by an interior muscular action you^ 
produce a vacuum — yes, just so, your diaphragm is now dila- 
ted, and the ribs expanded. But you will not be able to keep 
them long ui that situation. Your lungs and chiest are ahready 
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resuming their former state, and expelling the air with which 
the^' hdd just been filled. This mechanism goes on more or 
less rapidly, but, in general, a person at rest and in health will 
breathe between fifteen and twenty-five times in a minute. 

We may now proceed to the chemical effects of respiration 5 
but, for this purpose, it is necessary that you should previously 
have some notion of the circulation of the blood. Tell me, 
Caroline, what do you understand by the circulation of the 
blood? 

Caroline. I am delighted that you come to that subject, for 
it is one that has long excited my curiosity. But I cannot con- 
ceive how it is connected with respiration. The idea I have of 
the circulation is, that the blood runs from the heart through the 
veins all over the body, and back again to the heart ? 

Mrs. B. I could hardly have expected a better definition 
- from you; it is, however, not quite correct, for you do not dis- 
tinguish the arteries from the veins, which, as we have already 
observed, are two distinct sets of vessels, each having its own 
peculiar functions. The arteries convey the blood from the 
heart to the extremities of the body 9 and the veins bring^ it 
back into the heart. 

This sketch will give you an idea of the manner in which 
someofthe principsd veins and arteries of the human body 
branch out of the heart, which may be considered as a common 
centre to both sets of vessels. The heart is a kind of strong 
elastic bag, or muscular cavity, which possesses a power of di- 
lating and 4»ntracting itself, for the purposes of alternately re- 
cdving and expelling the blood, in order to carry on the pro- 
cess of circulation. 

Emily. Why are the arteries in this drawing painted red, 
and the veins purple ? 

Mrs. B. It is to point out the difference of the colour of the 
blood in these two sets of vessels. 

Caroline. But if it is the same blood which flows from the 
arteries into tfie veins, how can its colour be changed ? 

Mrs. B. This change arises from various circumstances. In 
the first place, during its passage through the arteries, the blood 
undergoes a considerable alteration, some of its constituent 
parts being gradually separated from it for the purposes of 
nourishing the body, and of supplying the various secretions. 
In consequence of this, the florid arterial colour of the blood 
changes by degrees to a deep purple, which is its constant col- 
our in the veins. On the other hand, the blood is recruited 
during its return through the veins by the fresh chyle, or im- 
perfect blood, which hsis been produced by food ; and it re- 



3tO ON RBa^IEATION* 

ceivQs alto lymph Jrom the absorbent vessels, as we have Ue- 
fore roentioned. After having undergone th^ several chang- 
es, the blood returns to the heart in a state very diHcrent from 
that In which it left it. It is loaded with a greater proportioa 
of hydioeen and carbon, and is no longer fit for the oonrisb* 
ment of the body, or other purposes of circulation. 

Emily. And in this state does it mix in^the heart with the 
pure florid blood which runs into the arteries ? 

Mr9, B, No. The heart is divided into two cavities or con- 
partitions, called the right and k/t venirkks. The left ven- 
tricle is the receptacle for the pure arterial blood previous to its 
circulation ; whilst the venous, or impure blood, which letam 
to the heart after having circulated, is received into ihe rigfal 
ventricle, previous to its purification, which I shall presently 
explain. ^ 

Carolme. I own that I always thought the sane blood circu- 
lated again and again through the bc^y^ without undergoing 
any change. 

Mrs. B. Yet you must hav^ supposed that the blood xircu* 
lated for some purpose ? 

Caroline. I knew that it was indispensable to life $ bnt bad 
no idea of its real functions* 

Mrs. B, But now that you understand that the blood con- 
veys nourishment to every part of the body, and supplies the 
various secretions, you must be sensible that it cannot constant- 
ly answer these objects without being proportionally renovated 
and purified. 

Emily, But does not the chyle answer this purpose ? 

Mrs, B, Only in part. It renovates Uie nutritive principles 
of the blood, but does not relieve it from the superabundance of 
water and carbon with which it is encumbered. 

Emily, How, then, is this eflected ? 

Mrs, B, By respiration. This is one of the grand myste- 
ries which modern chemiMry has disclosed. When the venous 
blood enters the right ventricle of the heart, it contracts by Its 
muscular power, and throws the blood through a large vessel 
into the lungs, which are contiguous, and through which il cir- 
culates by millions of small ramifications. Here it comes in 
contact* with the air which we breathe. The action of the 
air on the blood in the lungs is, indeed, concealed, from our 
Immediate observation \ but we are able to form a tolerably ac- 

*Xot in actual coutact. In this caw it i» obvious there would be 
nolhina: to confine the blood and prevent its flowin|^ o»it. The air cells 
ar« separated from the blood vessels by an extremtlj thin ineart>rane. 

J 
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cnfate judgment of it from the changes which it effects, not on- 
ly in the blood, bat also on the £(lr expired. 

The air, after passing through the lungs, is found to contain 
all the nitrogen inspired, but to have lost part of its oxygen, and 
to have acquh*ed a portion of watery vapour and of carbonic 
acid gas. Hence it is inferred, that when the air comes in con- 
tact with the venou& blood in the lungs, the oxygen attracts 
from it the superabiradant quantity of carbon with which it has 
impregnated itself during the circulation, and converts it mto 
earbonie acid. This gaseous acid, together with the redundant 
moisture from the lungs,* being then expired, the blood is re- 
stored to its former purity, that is, to the state ofarterial blood, 
8nd is thus again enabled to perform its various functions. 

Caroline. This b truly wonderful ! Of all that we have yet 
learned, I do not recollect any thing tliat has appeared to me so 
carious and interesting. I almost believe that I should like to 
study anatomy now, though I have hitherto had so disgusting 
an idea of it. Pray, to whom are we indebted for these beauti- 
ful discoveries ? 

Mrs, B. Priestley and Crawford, in this country, and La- 
voisier, in France, are the principal inventors of the theory of 
respiration. Of late years the subject has be^n farther illustra- 
ted and simplified by the accurate experiments of Messrs Al- 
len and Pepys. But the still more important and more admira- 
ble discovery of the circulation of the blood was made long be- 
fore by our immortal countryman, Harvey. 

Emily, Indeed I never heard any thing that delighted me so 
much as this theory of respiration. But I hope, Mrs. B., that 
you will enter, a little more into particulars before you dismiss 
so interesting a subject. We left the blood in the lungs to un- 
dergo the salutary change : but how doer it thence spread to 
all the parts of the body ? 

Mrs. jB. After circulating through the lungs, th^ blood is 
collected into four large vessels, by which it is conveyed into 
the left ventricle of the heart, whence it is propelled to all the 
different parts of the body by a large artery, which gradually 
ramities intomiHi^ns of small arteries through the whole frame. 
From the extremities of these little ramifications the blood is 
transmitted to the veins, which bring it back to the heart and 
lungs^ to go round again and again in the manner we have 
just described. You see, therefore, tliat the blood actually wn* 
dergoes two circulations ; the one, through the lungs, by which 

^ The quantity of moisture discharged \>y the lungs in 24 hours, may 
be computed at eight or nine ounces. 
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it » converted into pore arterial blood ; the other, or geoend 
circulation, by which nourisfaCment is conveyed to every pan (^ 
the body ; and these are both equally indispensible to the sup- 
port of animal life. 

Entily. But whence proceeds the carbon with which the 
blood is impregnated when it comes into the lungs ? 

Mrs. /). Carbon exists in a greater propprtion in blood than 
in organised animal matter. The blood, therefore^ a^r sup» 
plying its various secretions, becomes loaded with an excess of 
carbon, which is carried cit by respiration ; and the formatioa 
of new chyle from the food affords a <^stant supply of carbo* 
naceous matter. 

Caroline, I wonder what quantity of carbon may be expe^ 
led from the blood by respiration in the course of 24 hours ? 

Mr9. B. It appears by the experiments of Messrs. Allen and 
Pepys that about 40,000 cubic inches of carbonic acid gas are 
'emitted from the lungs of a healthy, person, daily ; which is 
equivalent to eleven ounces of solid carbon every 24 hours. 

Emily. What an immense quantity f And pray how much 
of carbonic acid gas do we expel from our lungs at eadi expira- 
tion? 

Mrs. B. The quantity of air which we take into our kmgi 
at each inspiration, is about 40 cubic inches, which contain a 
little less than 10 cubic inches of oxygen ; and of those 10 incb* 
es, one-eighth is converted into cari>onic acid gas on passing 
once through the lungs,* a change which is sufficient to prevent 
aur whkh has only been breathed once from suffering a taper 
to burn in it. 

Caroline. Pray, how does the air come In contact with th^ 
blood in the lungs ? 

Mrs. B. I cannot answer thi^ question witlKMit entering into 
an explanation of the nature and structure of the lungs. You 
recollect that the venous blood, on being expelled from the right 
ventricle, enters the lungs to go through what we may call the 
lesser circulation ; the large trunk or vessel that conyeys it 
branches out, at its entrance into the lungs, into an infinite 
number of very fine ramifications. The windpipe, which con- 
veys the air from the mouth into the lungs, likewise spreads 
out into a corresponding number of air vessels, which follow 
the same course as the biood vessels, forming millions of very 
minute air-cells. These t\vo sets of vessels are so interwoven 
as to form a sort of net-work, connected into a kind of spoibgy 

* The bulk of carbonic acid gas formed by respiration, is exactly 
ihe same as that of the oxygen gas \Vhich disappears. 
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HHiss^irwliM^ every piMrtide ofJiloQd most nece9s^t\\y come 
ife ajBtaQt wilh a particle pf air^ 

. Caroline. But since the blood and the air are contained in 
different vessels, how can they come into contact ? 

Mrs. B^ They acton each other through the men^brai^ which 
forms the coats of thc^se vessels; for sdthough this membraiie% 
pf events th^ blood and the air from mincing together in the 
lai^^ yet it is no impediment to their chemical action on each 
«[ther.* 

. Emily » Are the lungs composed entirely of blood vessels and< 
* iujr vessels ? 

J^lrs. J5. I believe they are, with the addition only of necves 
^umI of a small quantity of the cellular substance befdremention- 
ed, which connects the whole into an uniform mass. 

Emly, FtdLy, why are the lungs^always spoken of in the plu- 
ral^number } Are there more than one ? 

f'Mrs.B. Yes; for though they form but one organ, they ^ 
really consist of two compartments called lobes^ which are en^* 
closed in separate membranes or bags^ each occupying one side 
of tkm dies^, and being in close contact with each other, but 
without communicating together. This is al^eautiful provision 
of n^tui^, in con^uence of which, if one of the lobes be 
wounded^ th^ other performs t^e whole process of respiration, 
till the ftrst is healed. 

The blood, thus completed, by the process of respu9tion> 
fbrmsthe most coinrplex of all animal compounds, since it con- 
taiqsfiot only the numerous materials necessary toformtbeva* 
rious secretions, as saliva, tears, &c. but likewise all those that 
are^reqmi^d to nourish the .se^^^al parts of the body, as the 
muscles, bones, nerves, gl^ds, &c.t 

, ^ It is Qot absolutely eovttaD th|Lt the c^a^|^ which the bipod UQdec«, 
goes in the luogs is entirely owing to the loss of carboi) ; since experi- 
ments show that any animal, gubstance, even the hand, when confined 
in a portion of atmospheric air, lessens the quantity of oxygen, and 
ptbduces a coYrespoiiding quantity of carbonic a6ia. ' It is possible^' 
then, ihat tbe carbon prodoced by respii^tioB» Qtay be oiling merely. 
to the ciHitaeet between th« air ^nd the lungs. C^ 
. t Tbe process of secretion does not consist merely jn the separation, 
of certain materials from the blood by the secreting organ ; but in ma- 
ny instances, entirely new products are formed, no traces of which 
have been detected in the blood. For instance the solid matter of the 
bones is derived from the blood, yet not a particle ofphOsphat of lime, 
(fi jsnbstance composing the basis of bonie,) is found in it. It appears^ 
then, that tbe glMidsvnach are the organs of secretion, have the power 
of proditcing from the ultimate pitoms of the blood, the variety of pro- 
ijiucto peculiar to «ach. Thus the glands situated about tbe eyee se* 

28 " 
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Emify. Them leefiis ta.be a singular analogy bfftweeo tbe 
blood of animals apd the sap of vegetables ; for each of these 
flotds contains the several materials destined for the natrition of 
the numerous class of bodies to which they respectively belongs 

Mrs. B. Nor is ^he production of these fluids in the animal 
, and vegetable systems entirely diilerent^ for the absorbent ves* 
selsy which pump up the chyle from the stomach smd intestine^) 
may be compared to the absorbentsof the roots of planlSi whieb 
sndc up the nourishment from the soil. And the analogy be- 
tween the sap and the blood may be stiH further tracedi if w« 
follow the latter in the course of its circulation; for, in the liv- 
ing animal, we find every where organs which are possessed of 
a power to secrete from the blood and appropriate to themselves 
the ingredients requisite for their support. 

CctroUne. But whence do these organs derive their respective 
powers? 

' Mr5. B. From a peculiar organisation, the secret of which 
no one has yet been able to unfold. But it must be ultimately 
by means of the vital prindple ihftt both their mechanieal and 
chemical powers are brought into action. • - * 

I cannot dismiss the stH>ject of circulation withoot-mention- 
ing perspiratitnt, a secretion which is immediatelv connected 
with It, and acts a most imporUint part in the a nic^l economy.' 

Caroline. Is not this secretion likewise made by aji^ropriate 
glands? 

AJrs. B. No; it is performed by the extremities of the Mte- 
ries, whkh penetrate through the skin and terrainiile under 
the cuticle, through the pOres of which the perspiration bsoes* 
When this fluid *is not secreted in exe^s, it Is imensihle^ be- 
cause it is dissolved by the air as it exudes from the pdres ; but 
when it is secreted ^ster than it can be dissolved, it becomes 
utimble^ as it assumes its li<^id state. 

Emily. This secretion bears a striking resembtarice to the 
transpiration of the sap of plants. They both ccAisist of the 
ttiost fluid parts, and both exude from the surface by the ex- 
tremities of the vessels through which they circulide. 

Mrs. B. And the analogy does not stop there; for, shace it 
has been ascertained that tne sap returns into the roots of tte 
plants, the resemblance between the animal and vegetable cii^ 
culation is become still more obyious. The lat^r, however^ b 

Crete the tears, a saline, pellucid fluid ; while the liver secretes, Protk 
the same source the bile, a greetu«h| opake, bitter and extreuifii^ naa- 
seous subsjtaoce. ft is most probable thai we shall sver reaiain in pro- 
ibttAd igaojT^ce, of any mode of upitatiDg these operatioas. C. 
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fer froin be^og f^raplete^ sU)ce, a« w« obseFted before, it cbn* 
fiifits only m a rising and descending of the sap, whilst in aiii- 
nials the blood actually circulcttes through every part of the 
s^eok 

We hnvenotKT, I think, traced the process of nutrition, from 
the introduction of the food imo the stomach to its finally beoo- 
ming a constituent part of the animal frame. This wtll^ there^ 
(bre^ be a fit period to conclude our present conversation* 
^ What Ibrther remarks we have to make on the animal econ- 
omy shall be reserved for our next interview. 



CONVERSATION XXVI. 

ON ANIMAL HEAT; AND ON VARIOUS ANIMAL PRO- 
.DUCTS. 

EmiUf. Since ^mr last interview, I have been thinking much 
of the theory of respiration;, and I cannot help being struck 
•with the resembtance which it appears to bear to the process of 
combustion. For in respiration^ as in mo^ cases of combustion, 
the air sul!m a change, and a portion of its oxygen. co:nbine8 
with carbon, producing carbonic acid gas. 

Mrs, Ji. I am much pleased that this idea has occurred to 
you I these two processes appear so very analogous, that it has 
been supposed that a kind of combustion actually takes place 
in the lungs; not of the blood, but of the superfluous carbon 
which the oxygen attracts from it. 

Caroline, A combustion in our ,lung8 ! that is a curious idea 
if^ieed ! But, Mrs. B., how can you call the action of the air 
on the blood in the lungs combustion, when neither Ught nor 
heat ore produced by it? 

Emily, I was going td make the same objection. — Yet I do 
not conceive how the oxygen can combine with the carbon, and 
produce carbonic acid, without disengaging heat ? 

Min. B, The fact is, that heat is disengaged.^ Whether * 
any light be evolved, I cannot pretend to determine ; but that 
heat is produced in considerable and very sensible quantities is 
certain, and this is the principal| if not the only source o^ ani- 
mal HEAT. 

* It ha« b^eD calcatated that the heat produced by respiration in 12 
hours, in the lungs of a healthy person, is such as would melt about 100 
pound* of ice. 
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Emily. How wooderfid ! that the very process whieh' puri- 
ties and elaborates the blood, should afford an mexhaastabfe 
supply of ioceraal heat ? 

Mrs. B. This is the theory of animal heat in its original sim- 
plicity, such nearly as it was first proposed by Black and La- 
voisien It was equally dear and ingenious ; and vnA at^rst 
generally adopted. But it was objected, on second eonsidera- 
tion, that if the whole ^ the amtnal heat was evolved in the 
lungs, it would necessarily be much (ess in the extremHfes ef 
the foody than immediately at its source ; which Is not fbond 
to be the case. ■ This ol^tion, however, wtiich wlw by no 
laeans frivolous, is now satisfactorily removed by the (bUowiag 
consideration : — Venous blood has been (bund foy experiment 16 
have less capacity for heat than arterial blood ; whence It fol- 
lows that the bUod, in gradually passing from the arterial to 
the venus state, during the circulation, parts with a portion of 
caloric, by means of which heat b diffused thi^ugh every part 
of the body.* 

*^This if substantially Dr. Crawford^g theory of animal faeat ; and 
that it is a moftt beautiful and ingenions ooe^ cannot be dvniedv &nS> 
sequent experiments have however proved its fallacy. Dr. John Dm- 
vj has shown that the difference of capacity for heat between the two 
kinds of blood is much less than was supposed by Dr. Crawford — the 
capacity of arterial being only one per cenf, above that of venous 
blood. Now it is obvious, that this minute difference^ cannot account 
for animal temperature ; nor is it certain that even this small quantity 
of heat is ^vA out to the system. Another objection is the res«Ji of 
an experiment of Mr. Brodie. This indeed seems to settle the ques- 
tion that animal heat does not depend on any change which the blood 
undergoes in the lungs. He found that on keepmg up an artificial 
respiration in the lungs of a decapitated animal, the blood was changed 
irom black to red, and carbonic acid was given out as usual ; but that 
the animal grew cold faster than another dead one, where such artifi- 
cial respiration was not kept up. 

. This, it is obvious, would be the case unless heat was caused by 
respiration, as the air forced into the lungs would tend to cool the ani- 
mal. 

Pjof. Cooper of Pbiladelplria proposes another theory. "I see no 
Biaterial difficulty," says he, *' in acoouatiog for the productitm of 
animal heat from the doctrine of latent heat. The fluids of the body 
are incessantly employed to renew the^-^olids : when a fluid is convert- 
ed into a solid, heat or caloric is precipitated. This takes place eve- 
ry moment very gradually in every part of the system." 

We are ignorant of the train of arguments by which the learned Pro- 
tessor supports this theory. But, if on the one band, the conversion of 
a fluid into a solid produces heat^ so it is equally well proved, that 
thn conversion of a solid into a fluid produces cold. Now the solid 
parts of the body after being deposited from the fluids, are again con- 
v^ried into fluids by the absorbents. This theory th^n, accounts 
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Smilpi M<ir6 and more adt|i^ble I 

Caroline. The cause of anii^ial heat was always i perfect 
mystery to nie, and I am delighted wkh its explanation.— »Bul 
pray, Mrs* B.ycan you tell me what is the reason of the in- 
" crese o{ beat that takes place ioa fever ? > 

EmUjf. Is it not because we then breathe quicker, and there- 
Jwe mojre heat is disengaged in the system ? 

Mrs^ B. That may be one reason: but I should think that 
the principal cause of the heat experienced in fevers, is, that 
there is no vent for the ccdoric which is generated in the body. 
One of the most considerable secretions is the insensible per* 
spimtion 5 this is constantly carrying off caloric in a latent state ; 
but ditring the hot stage of a fever, the pOres are so contracted, 
that all perspiration ceases, and the accumulation of caloric m 
the body occasions those burning sensations which are so pain* 
ful. 

EmUy. This is, no doubt, the reason why the perspiration 
which often succeeds the hot stage of a fever affords so mnch 
relief. If I had known this theory of animal h<*at when I had 
a fever last summer, I think I should have; found some amuse* 
meot in watching the chemical processes that were going on 
within me. 

Caroline. But exercise likewise produces animal heat, and 
that must be quite tri a different manner. 

Mn> B. Not so much so as you think; A>r the more exer- 
cise you take, the more the body is stimulated, aiui requires re< 
truitrng. For this purpose the circulation of the DTooiis quick- 
ened, the breath proportionaWy accelerated, and consequently 
a greater quantity of caloric evolved. 

Caroline, True ; after running very fast, I gasp for br«ath| 

for tb« {Mrodaction of heat only when tbe depositioD i« greater than the 
lUMorptiOB, as diirin|f the growth of the system. 

From some expenmeot% made by Mr. firodie and Dr. Philip, tboy 
have been induced to believe that animal temperature depends on the 
influence of the nerves. 

In regard to this theory it may be observed, that in some instances 
4Erbere the vervous tnfluence seems to be suspended, the heat of the. 
faxt refliaiosmuch the same as ia health. 

This subject has excited the attention of the learned and curious in 
all ages, and a great variety of theories have been offered to accouo^ 
for it. We haveieen none, however, to which insuperable objections 
may not be brought. We must theiefore, at present, be contented 
wi& a^tritHiting the production of animal warmth to the energies of 
the vital prineiple ; leariog it to future (^enerationf to dteteraune and 
define its ionodiate canse. CV 

23* 
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my re^ifatkm i» quick and hard, toad it li just tb«a that I begin 
to f«el hot. 

Emily^ It would seem, theB, that vioiefit exercise shouixi 
produce fever. 

Mrs, B, Not if the person is in a good state of health ; iar 
the additional caloric is then carried off by the peispiratioa 
which succeeds. 

Emiiy, What admirable resources nature has provided for 
us ! By the production of animal heat she has enabled us to 
keep up the temperature of our bodies ckboye that of inani- 
mate objects ; and whenever this source becomes too idrandaQCy 
the excess is carried off by perspiration. 

JV}r». B. It is by the same law of nature that weare enabled, - 
in all climates, and in alt seasons, to preserve our bodies of an 
equal temperature, or at least very nearly so. 

Caroline. You cannot mean to say that our bodies are of 
the same temperature in summer, and in winter, in Engtand, 
and in the West-Indies. 

AirB, B. Yes, I do ; at least 4f you speak of the tempera- 
ture of the blood, and the internal parts of the body ; for those 
which are immediately in contact with the atmosphere, such as 
the hands and face, will occasionally get warmer, or a^r,than 
the internal or more sheltered parts. If you put the buib of a 
thern[K)meter in your mouth, which is the best way <tf ascer- 
taining the real temperature of your body, you wiU scarcely 
perceive any difference in its indication, whatever may be tire 
di^rence oTtemperature of the atmosphere. 

Caroiine, And when I feel overcome by heat, I am, realfy 
not hotter than when I am shivering with cold? 

Mn, B. When a person in health feels very hot, whether 
from internal heat, from violent exercise, or from the tempeoi- 
tureof the atmosphere, his body is certainly a little warmer 
than when he feels very cold i but this difierenee Is much smal- 
ler than our sensations ivould make us believe; and the 4iat»r- 
al standard is soon restored by rest and by perspiration. It is 
chiefly the external parts that are warmer, and I am swte that 
you will be surprised to hear that the internal temperature of 
the body scarcely ever descends below ninety-five or ninety-six 
degrees, and seldom attains one hundred and four or one hun- 
dred and five d^rees, even in the most violent fevers. 

Emily, The greater quantity of caloric, therefore, that we 
receive from the atmosphere in summer, cannot raise the tein- 
perature of our bodies beyond certain 4imits, as it does that of 
inanimate bodies, because an exce^ of caloric is carried pff by 
perspiration. 
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Caroline. But the temperature of the atmosphere, mdi con- 
sequently that of inanimate bodies, is surely never so high a» 
that' of a;Jmal heat ? 

Mrs, B. I beg your pardon. In the East and West Indies^ 
ftod sometimes in the southern parts of Europe, the atmosphere 
is frequently above n'mety-eight degrees, which is the cpounoii 
temperature of animal heat. Indeed^ even in this country, it oc- 
casionally happens that the sun's rays, setting full on an object, 
elevate its temperature above that point 

In illustration of the power which our bodies have to resi^ 
the effects oi'exieroal heat, Sir CharleaBlagdeo, with some^th- 
er gentlemen, made several very curious experiments. He re- 
mained for some timeJn an oven heated 4o a temperature not 
much inferior to that of boiling water, without sufiering aay 
other inconvenience than a profuse perspiration, wliich he sup- 
ported by drinking plentifully. 

Emily. He could scarcely consider the perspiration as an in- 
convenience, since it saved him from being bake^ by giving veat 
to the excess of caloric. 

Caroline. I always thought, I confess, tliat it was from the 
heat of the perspiration that we suifered in sum^r. 

Mrs^ B. You. now find thatyou are quite mistaken. When- 
ever evaporation takes place, cold, you know, is produced in 
ceasequence of a quantity of caloric being carried oif in a latent 
state; this is the case with perspiration, and it is in thi§ way 
that it aSbrds reliei^ It is on |hat account also that yrje are igpt 
4o caich cold, when in a^ate of profuse perspiration. It is for 
the same reason that tea is often, refreshing in summer, though 
it appears to heat you at the moment you drink it, 

Emily. And in winter^ on the contrary, tea is pleasant on 
Account of its heat. 

Mrs. B. Yes 5 for we have then rather to guard against a 
deficiency than an.excess of caloric, and^you.do not find thai 
tea will excite perspiration in winter, unless after dancing, or 
any other violent exercise. 

Caroline. What is the reason that it is dangerous to eat ice 
after dancing, or to drink any thing cold when one is very hot ? 

JV^«. B. Because the loss of heat arising from the perspira- 
tion, conjointly with the chill occasioned by the cold draught, 
produce more cold than can be borne with safety, unless you 
'Continue to use the same exercise after drinking that you did be- 
fore 5 for tlie heat occasioned by the exercise will counteract* 
tlie effects ol the cold drink, and the danger will be removed. 
^ You may, however, contrary to the common notion, consider 
It as a rule,.that cold liquids may, at all times, be drunk with 
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peridttsaleijryboveverbot you. may feel,* provided y^ are 
not at the aiomeot io a state o( great perspiration^ and on couitl- 
lioa that you keep yourself ia gentle exercise aftervards. 

Emify. But since we are fomisbed wiib such re^oarced 
against the extreaies of beat or cold, I should have thought that 
attclusates would have been equally wboksome* 

J(r»« fi. That is true, Ib a certain degree, with re^rd Io 
ebon who have beea accustomed to them from birth ; for we 
ibid that the oatives of these climates^ which we coosider as 
Host deleterious^ are as healthy as ourselves; and if such cU- 
aates are aawbolesoBie to those who are habituated to a more 
moderate temperature, it is because the animal economy does 
Bot easily accustom it&elt to considerable changes. 

Can^int, But pray, ^Mrs. B., if the circulation preserves the 
body of an uniforn temperature, how does it happen that anU 
mals are sometimes frozen ? 

Mr9. B. Because, if more heat be carried off by tlie atmos- 
phere than the c'nrculation can supply, the cold will finally pre> 
vail, the heart will cease to beat, and the animal will be frozen. 
And, Ukewise, if the body remained long exposed to a degree 
of heat, greater than the perspiration could carry of, it would 
at last lose the power of resisting its destructive inffuence. 

CaroUne^ Fish, 1 suppose, have no animal heat, but only 
partake of the temperature of the ,water in which thfey live ?t . 

Emily. And their coldness, no doubt, proceeds ^ from their 
Aot breathing ? , 

Mrs. B. AH kinds of 6sh breathe more or less, though ip. a 
much ^mailer degree than j|and animals. Nor are they entire- 
ly destitute of animal heat, though, for the same reason, they 
are much colder than other creatures. They have compara- 
tively but a very small quantity of blood, therefore but very lit«< 
tie oxygen is required, and a proportionally small quantity of 
animal heat is generated. 

Caroline, But how can fish breathe under water ? 

Mrs. B. They breathe by means of the air which is dissolved 
in the water, and if you pat them into water deprived of air 
by boiling, they are soon suffocated. 

* The cofnmoa npliAa on this subject is certainly the most safe. A 
person healed, and almost exhausted by exercise on a hot day, ought 
never to drink any cold liquid, except in very small quantities at a 
time. Not a summer passes but we hear of deaths by drinking cofd^. 
water after violent exercisp. 0, 

t Animals belonging to fhz order Cetm of Naturalists, though they in- 
habit the sea, breathe atmospheric air, and have hot, red bl<x»d. Thif 
•rder iocludes the whales, dolphin^ narioalSf Scq. C. ^ 
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If a fish is confined in u v^id of water closed from the air, 
it soon dies ; and any fish put m afterwards woukt be killed im* 
mediately, as all the air had been previously consumed. 

Caroline. Are there any species of animals that breathe tiu>re 
than we do ? ^ 

Mrg. B, Yes ; birds, of all antmals, breathe the greatest^ 
quantity of air in proportion to their size ; and it is to this 
h at they are supposed to owe the peculiar firmness and 
strength of their muscles, by which they ace enabled to support 
the violent exertion of flying. 

This difference between birds and fish, which may be coti-i 
sidered as the two esttremes of the scale of muscular strength, 
is weH worth observing. Birds residing constantly in the al« 
mos|;^ere, surrounded by oxygen, and respiring it in greater 
proportions than any other species of animals, are endowed 
with a superior degree of muscular strength, whikt the muscks 
offish, on the contrary, are flaccid and oiiy ; these animals are 
comparatively feeble in their motions, and their temperature is' 
scarcely above that of the water in which they live. This is, 
in all probability, owing to their imperfect respiration ; the 
quantity of hydrogen and carbon, that is in consequence aecu- 
mulated in their bodies,Jbrmrtbe-ml which is so strongly chai*. 
acteristic of that species of animals, and which relaxes^nd 
softens the small quantity of filnrine which their muscles con- 
tain. 

Caroiine. But, Mrs. B., there are some species of birds that 
frequetit both elements, as, for instance, ducks and other water 
fowl. Of what nature is the flesh of these ? 

Mrs. B. Such birds, in general, make but little use of thek 
wings ; if th«y fly, it is but feebly, and only to a short distance. 
Their flesh, too, partakes of the oily nature, and even in taste* 
sometimes resembles that of fish. This is the case not imly 
with the various kinds of water fowls, but with all other am- 
phibious animals, as the otter, the crocodile, the lizard, &c. 

Carabine. And what is the reason that reptiles are so defi- 
cient in muscular strength ? 

Mrs. B. It is because they usually live under ground, and 
seldom come into the atmosphere. Tbey have imperfect, and 
sometimes no discernible organs of respiration ; they partake, 
therefore, of the soft oily nature of fish ; indeed, many of them 
are amphibious, as frogs, toads, and snakes, and very few of 
them find any difficulty in remaining a length of time under 
water.* Whilst, on the contrary, the insect tribe, that are so 

•^Amphibious animals have the power of srigpea.ling respiration fox 
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stroi^ ID propoftiim to ibek iise; and alert in i^r Bioti^», 
parted of the nature of birds, air being their peculiar element^ 
and their organs of respiration beiog cofoparatively hurgec than 
io other classes of animals. 

I have now given you a short account of the principal aniaid 
functions. However interesting the subject ntay appear to 
yott) a fatter investigation of it would, I fear, lead us too (ar from 
our object. 

Emily. Yet I shall not quit it without much regret^ Cor of 
all the applications of chemistry, these appear to me the most 
cnrioos and most interesting. 

Caroline. But, Mrs. B., I must remind you that ycm proim^ 
sed to give us some account of the nature t>tmlk. 

Mrg, B. True. There are several other animal prochie- 
tions that deserve likewise to be mentioned. We shall begin 
with milk, which is certainly the most important and the n^oft 
interesting of all the animal secretions. 

M\\ky like ail other animal sabstances, ultimately yields by 
analysis oxygen, hydrogen, carbon, and nitrogen. These are 
comhined in it under the forms of albumen, gelatine, oil, and 
water. But milk contains, besides a consickrable portion of 
phosphat of lime, the purposes of which 1 have already points 
edout. 

CaroUne^ Yes; it is this salt which serves to nourish the 
tender bones of the suckling. "* 

Mr«. B. To reduce milk to its elements, would be a very 
complicated, as well as usdesa operation ; but this iuid> wit^ 
out any chemrcal assistance, may be decomposed 4nlo three 
parts, cream, curd$ and whey. These constituents of nulk 
have but a very slight affinity for each other, and you find ac- 
' GOrdingly that cream separates from milk by mere standin§. 
It consists chiefly of oil, which being lighter than the other 
parts of the milk, gradually rises to the surface. It i^ of Uiis, 
you know, that butter is made> which Is nothing more than ox« 
ygenated cream. 

Candme, Butter, then, is somewhat analogous to the waxy 
substance formed by the oxygenation of vegetable oils. 

Mrs. B, Very much so. i 

Emily, But is the cream oxygenated by churnmg ? 

Mrs, B, Its oxygenation commences previous to churning^ 
merely by standing exposed to the atmosphere^ from which it ' 
absorbs oxygen. The process is afterwards completed by 

a coiwiderabFe time. It is io conssquence of this, that they are enabled 
to live under water. C. 
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ehuming ; the violent motiofi which this operatbn occastonis 
brings every particle of creani in contact with the atj^osphere, 
and thos iacilitates its oxygenation. ' 

Caroline. But the effifct of churningr, I have often observed 
in the dairy, is to separate the cream into two substances^ but- 
ter and butter-milk. 

' J^rs. B. ^hat is to say, Jn proporfion as the-oEy particles of 
the creani become oxygenated, they separate from the other 
constituent parts of the cream in the form of butter. So by 
churning you produce, on the one band, batter, orioxygenated 
oil ; and, on the other, butter-milk, or cre&m deprived of oil. 
But if you make butter by churning new milk instead <)f cream, 
the butter-milk wiH then be exactfy similar m its properties to 
ctedmed or skimmed milk. 

Caroline, Yet bdtter-milk is very different from common 
skimmed milk. 

Mrs. B. Because you know it is customary, in order to save 
time and labour, to make butter from cream alone. In this 
case, therefore, the butter-milk is deprived of the creaitied mUk, 
which containVboth the curd and whey. Besides, inconse- 
quence of the milk remaining exposed to the atmosphere du- 
ring the separation of the cream, the latter becomes more or 
less acid, as well as the butter-milk which it yields in churning. 

E^iily. Why should not the butter be equally acidified by 
oxygenation ? 

Mrf. B. Animal oil is not so easily acidified as the olber 
ingredients of milk. Butter, therefore, though usually made of 
sour cream, is not sour itself, because the oily part of the cream 
had not been acidified. Butter, however^ is susceptible of be* 
coming acid by an excess of oxygen ; it is then said to be ran- 
cid, and produces the sebacic acid, the same as that which is 
obtained from fat. 

Emily. If that be tlw case, might not rancid butter be 
sweetened by mixing with it some substance that would take 
the acid from it ? 

Ahs. B. TWs idea has been suggested by Sir H. Davy, who 
supposes, that if rancid butter were well washed in an alkaline 
solution, the alkali would separate the acid from the better. 

Caroline. You said just now that creamed milk consisted of 
cord and whey. Pray how are these ^parated ? 

Mrs. B. They may be separated by standing for a certain 
length of tim^ exposed to the atmosphere y but this decompo- 
sition may be almost instantaneously effected by the chemical 
agency of a variety of substances. Alkalies, rennet,* and in- 

* ReiiAet is the name given to a watery infiwioD of the coats of ^e 
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dMd alttostail animals substances, deccunpose milk by coiBdi- 
oiog with the curds. 

Acids and spirituous liquors, on the other hand, produce a 
<ifcoinposition by combining with the whey* In order, there- 
fore, to obtain the whey pure, rennet, or alkaline substance^ 
must be used to attract the curds from it.- 

Bat if it be wished to obtain the curds pure, the whey must 
be separated by acids, wine, or other sptritous liquors,. 

Emily. This is a very useful piece of information ; for I 
find white-wine whey, which I sometimes take when I have a 
cold, extremely heating; now, if the whey were separated by 
means of an alkali instead of wine, it would not produce tliat 
effect. 

Mrs. B. Perhaps not. But I would strenuously advise you 
not to place too much reliance on your slight chemical knowl- 
edge tn medical matters. I do not know why whey is not sep- 
arated from curd by rennet, or by an alkali, for the purpose 
which you mention ; but I strongly suspect that there must be 
some good reason why the preparation by means of wine is 
gener^ly preferred. I can, however, safely pomt out to you a 
method of obtaining whey without either alkali, rennet, <x 
vine ; it is by substituting lemon juice, a very small qnantity 
of which will separate it from the curds. 

Whey, as an article of diet, is very wholesome, being re- 
markable light of digestion. But its effect^ taken medicinally, 
it chiefly, I believe, to excite perspiration, by being drunk warm 
on going to bed. 

From whey a substance may be obtained in cr3rstals by evap- 
oration, called sugar of mlk. This substance is sweet to the 
taste, and in its composition is so analogous to common sugar^ 
that it is susceptible of undergoing the vinous fermentation. 

Caroline. Why then is not wine, or alcohol, made Irom 
whey ? 

Mrs, B. The quantity of sugar contained in milk is so tri- 
fling, that it can hardly answer that purpose. I have heard of 
only one instance of its being used for the production of a spir- 
ituous liquor, and this is by the Tartan Arabs ; their abund- 
ance of horses, as well as their scarcity of fruits, has introduced 
the fermentation of mares' milk, by which they produce a li- 
<luor called koumiss. Whey is likewise susceptible of being 
acidified by combining with oxygen from the atmosphere. It 

ttomach of a suckioff caK. Its remarkable efficacy io promoting co- 
agulation is supposed to depend on the gastric juice with ^hicb it in 
impregnated. 
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then produces ibe lactic aeidf which you may recollect is class- 
ed with the aniui'dl acids, as the acid of milk. 

Let us now see what are the pniperties of curds. 

Emily, I know that they are made into cheese ; but I have 
heard that for th^t purpose they are separated from ihe whey 
by rennet, and yet this you have just told us is not the method 
of obtaining pure curds ? 

Mrs, B. Nor are pure curds so well adapted for the forma- 
tion of cheese. For the nature and flavour of the cheese de- 
pend, in a great measure, upon the cream or oily matter which 
is left in the curds ; so that if every particle of cream be remov- 
ed from the curds, the cheese is scarcely eatable. Rich chees- 
es, such as cream and Stilton cheeses, derive their excellence 
from the quantity, as well as the quality, of the cream that en- 
ters into their composition. 

CaroUne. I had no idea that milk was such an interesting 
compound. In many respects there appears to me to be a very 
strilung analogy between milk and the contents of an egg, both 
in respect to their nature and their use. They are, each of 
them, cor;nposed of the various substances necessary for the 
nourishment of the young animal, and equally destined for that 
purpose. 

Mrs. B, There is however, a very essential difference. The 
yotmg animal is formed, as well as nourished, by the contents 
of the egg-shell ; whilst milk serves as nutriment to the suck- 
ling, only after it is born. 

There are several peculiar animal substances which do not 
enter into the general enumeration of animal compounds, and 
which, however, deserve to be mentioned. 

Spermaceti is of this class; it is a kind of oily substance ob- 
tained from the head of the whale, which, however, must un- 
dergo a certain preparation before it is in a tit state to be made 
into candles. It is not much more combustible than tallow, but 
it is pleasanter to burn, as it is less fusible and less greasy. 

Ambergris is another peculiar substance derived from a spe- 
cies o/ whale. It is, however, seldom obtained from the ani- 
mal itself, but is generally found floating on the surface of the 
sea. 

Wa;c^ you know, is a concrete oil, the peculiar product of the 
bee^part of the constituents of which may probably be derived 
from flowers, but so prepared by the organs of the bee, and so 
mixed with its own substance, as to be decidedly an animal pro- 
dQct. Bees' wax is naturally of a yellow colour, but it is bleach- 
ed by long exposure to the atmosphere, or may be instantane- 
oiMly whitened by the oxy-muriatic acid. The combustion ^ 
29 
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wax is far mose perfect than that of tallowy and coosequentjjr 
produces a greater quantity of light and heat. 

Lac b a substance very similar to wax in the manner of its 
formation ; it is the product o( an insect, which collects its in- 
gredients from flowers, apparently for the purpose of protecting 
its eggs from injury. It is formed into cells, fabricated with a^ 
much skill as those of the honey-comb, but differently arrange 
ed. The principal use of lac is in the manufacture of sealing- 
wax, and in making varnbhes and lacquers. 

Musk, civetf and castor j are other particular productions^ 
from diiferent species of quadrupeds. The two first are very 
powerful perfumes ; the latter has a nauseous^ smell and taste, 
and is only used medicinally. 

Caroline. Is it from this substance that castor oil b obtain* 
ed? 

Mrs. B. No. Far from it, for castor oil is a v^etable oil, 
expressed from the seeds of a particular plant ; and has not the 
least resemblance to the medicinal substance obtained from the 
castor. • \ 

Silk is a peculiar secretion of the silk-worm, with which it 
builds its nest or cocoon* This insect was originally brought 
to Europe from China. Silk, in its chemical nature, is very 
similar to the hair and wool of animals ; whilst in the insect it 
is a fluid, which is coagulated, apparently by uniting with oxy- 
gen, as soon as it comes in contact with the air. The moth . of 
the silk-worm ejects a liquor which appears to contain a peco^ 
liar acid, called homhic^ the properties of which are but very 
little known. 

Emily. Before we conclude the subject of the animal econo- 
my, shall we not learn by what steps dead animals return to 
their elementary state ? 

Mrs. B. Anin^al matter, although the most complicated of 
all natural substances, returns to its elementary state by one 
single spontaneous process, the putrid fermentation. By this, 
the albumeoj fibrine, &c. are slowly reduced to the state of ox- 
ygen, hydrogen, nitrogen, and carbon 5 and thus the circle of 
changes through which these principles have passed is finally 
completed. They first quitted their elementary form, or their 
combination with unorganised matter, to enter into the vegeta- 
ble system. Hence they were transmitted to the animal king- 
dom ; and from this they return again to their priipitive simpli- 
cityj soon to re-enter the sphere of organised existence. 

When all the circumstances necessary to produce fermenta- 
tion do not take place, animal, like vegetable matter, is liable 
to a partial or imperfect decomposition, which converts it into 
a combustible substance very like spermaceti. I dare say that 



ON ANIMAL PRODUCTS. 32t 

Caix^ine, who is so fond of analogies, will consider this as a 
kind of animal bitumen. 

Caroline. And why should I not, since the processes which 
pikKluce these substances are so similar ? 

Mrs, B. There is, however, one considerable difference; the 
state of bitumen seems permanent, whilst that of animal-sub- 
sfanees, thus imperfectly decomposed, is only transient ; and 
unless precautions be taken to preserve them in that state, a to- 
tal dissdution infallibly ensues. This circumstance, of the oc- 
casional conversion of animal mafter into a kind of sperma- 
ceti, is of late discovery. A manufacture has in consequence 
been established near Bristol, in which, by exposing the carca- 
ses of horses and other animals for a length of time under wa- 
ter, the muscular parts are converted into this spermaceti-like 
substance* The bones afterwards undergo a different process 
to produce hartshorn, or more properly, ammonia, and phos- 
phorus; and the skin is prepared for leather. 

Thus art contrives to enlarge the sphere of useful purposes, 
for which the elements were intended by nature ; and the pro- 
ductions of the several kingdoms are frequently arrested in 
their course, and variously modified, by human skill, which 
compels them to contribute, under new forms, to the necessi- 
ties or luxuries of man. 

But all that we enjoy, whether produced by the spontaneous 
operations of nature, or the ingenious efforts of art, proceed 
alike from the goodness of Providence. — To God alone man 
owes the admirable faculties which enable him to improve and 
modify the productions of nature, no less than those produc- 
tions themselves. In contemplating the works of the creation, 
or studying the inventions of art ; let us, therefore, never foi- 
get the Divine Source from which they proceed ; and thus 
every acquisition of knowledge will prove a lesson of piety 
and virtue. 
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DESCRIPTION OF THE APHLOGISTIC, OR FLAME- 
LESS LAMP. 

BT DR. J. L. COMSTOCK, OT HARTPaRDv 

In the construction of this Lamp, the object Is to keep a coil 
of wire in a state of ignition, without either flame or smoke. 
, The principle on which it is constructed, I believe, was firet 
discovered by Sir H. Davy. He found that on heating the end 
of a piece of platina wire red hot, and instantly holding it near 
the surface of some ether ^ placed in a wine glass, the wine was 
kept at a red heat as long as the experiment \^s contrmied. 

Whether Sir Humphrey pursued the subject any farther, I 
am not informed. It is most probable however that he did not, 
as it is stated in a London paper of the last year, that P^Of. Ure 
of Glasgow had determined the circumstances which modify 
the performance of the lamp, and that one constructed by faim 
was in full operation in that city (London) and had elicited 
touch public curiosity. This notice contained some directions, 
concerning the size of the wire, to be used, and the manner of 
coiling it. I have however seen no description of this lamp 
which would enable one readily to construct it. The ft)llowing 
may therefore interest such readers, as have seen an account of 
so curious a discovery. 

The principle on which the aphlogistic lamp is constructed 
involves two conditions, which are absolutely requisite, vfe. 
that we make use of a combustible substance which evaporates 
at a low degree of heat, and a metal which is a bad conductor 
of caloric. For the combustible, alcohol seems best suited io 
this purpose. Sulphunc ether, aside from its high price, alid 
disagreeable smell, I have sometimes found to fail 5 the igni- 
tion ceasing without any obvious cause. 

In regard to the metal, gold and silver, both fail in conse- 
quence of the rapidity with which they conduct caloric. Silver, 
tot, would soon be destroyed by the intense heat. Iron, al- 
though so bad a conductor, as' to re mam ignited for a time, soon 
fails, being converted into red oxide. Platina seems to be the 
only metal adapted to our purpose, being a slow conductor of 
caloric, and not easily oxidated at the highest temperatures. ' 

This is to be drawn into wire of 56-100 or 60-100 of dn 
inch in diameter, being about the size of card, or brass wir^, 
No. 26. Experience has shown that this size succeeds better 
than any other. If larger, the heat is carried off too fast, land 
<he ignition ceases. -If much finer, it does not retain sufficient 



APHLOQISTIC LAMP. 329 

heat at the lower part of the coil to keep up the evaporation of 
the alcohol from the wick. 

The coiling of the wire, and the adjustment of the wick, are 
the most difficult parts of the construction. 

The coil A. fig. 1. (frontispiece) is made by winding the wire 
round a piece of wood, cut of the proper size, and shape. The 
size is determined by the bore of the glass tube, allowing for the 
diameter of tbe wire. The shape is plane cylindrical in that 
part which enters the tube ; and slightly conical where it pro- 
jects above the tube, as seen in the figure. (I believe this is 
the best shape, though I have succeeded as well when the coil 
was of the same shape throughout.) 

In winding the coil, it is best that the turns of the wire should 
come in contaQt. Afterwards it is to be gently extended, So as 
to leave the turns as nearly as possible to each other, without 
touching. 

The diameter of the coil is about one-sixth of an inch where 
it enters the tube. Its length half an inch, or a little less, con- 
taining from twenty to thirty turns of the wire. The projection 
above the tube is about one half of the length. 

B. Fig. 1. is a glass tube, containing a cotton wick, which by 
capillary attraction carries the alcohol up to the platina coil. 
The length of this is arbitrary, being from one to three or four 
inches. The bore is about the sixth of an inch, so as barely to 
admit the coil. The wick, consisting of eight or ten thi^eads, 
is first drawn through the tube, and then introduced about half 
wa> into the coil, so as to come even wHh the top of the tube. 
This requires very nice adjustment. If the wick is too high, the 
wire is rapidly cooled by the alcohol, and! ignition ceases in a 
few moments. If too low, the evaporation by the heat of the 
wire is insufficient. If, however, the other parts are well con- 
structed, a few trials will ensure success. 

Fig. 2. shows the lamp complete. The body of it is a low 
vial, or inkstand, capable of holding about two ounces of alco- 
hol. It is stopped accurately with a cork, which is covered, for 
ornament, with tia foil. The aperture for admitting the tube 
and wick, b make with a hot iron. 

D. is a small tube through which the alcohol is poured. A 
c&djs^'n^ tube is convenient for this purpose, but a small funne) 
is easily made by cutting off an inch of the neck of a broken re- 
tort, into which is pushed a cork, and through this a small 
quill. Another orifice still, for letting off the air, as the alco- 
hol goes m, may be made through the cork. The orifices, of 
course, are to be stopped, to prevent evaporation, after the lamp 
is charged. 

29* 
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When the lamp is completed and charged, the alcohol is in* 
flamed by holding the coil in the blaze of a candle. After let- 
ting it bum for a few minutes, the flame is blown out, when, if 
every thing is properly adjusted, the wire will continue red hot 
until the alcohol is exhausted. 

The explanation why the ignition of the wire is permanent, 
seems to be sufficiently simple. Alcohol, when in the state of 
vapour, combines with oxygen with great facility. The tem- 
perature of the wire is first raised by the flame of the candle to 
about 600 degrees', Fahrenheit. Tliis degree of heat k such as 
to effect the combustion of the alcohol with the oxygen of the 
atmosphere. When this is once effected, the caloric extricated 
by the combustion of the alcohol, is sufficient to keep the coil 
at a red heat, which again is the temperature at which the alco- 
hol is combustible, so that one portion of alcohol by the absorp- 
tion of oxygen, and the consequent extrication of heat, lays the 
foundation for the combustion of another portion : and as the 
alcohol rises in a constant stream, so the effect is constant. 
The stream of vapour is much increased by the heat of the low- 
er part of the coil, where it embraces the wick, and the tem- 
perature of the alcohol is increased before \t reaches the part of 
the coil where combustion is effected. Sometimes the last, or 
upper turn of the wire only is kept red hot. 

This lamp, though one of the most curious inventions of the 
age,& not merely a curiosity. The facility and certainty with 
which, by means of a match, a light may be obtained from it, 
constitutes its utility. The proper matches for this purpose are 
prepared by dipping the common brimstone matches into a 
paste made by mixing two parts of white sugar with one part of 
chlorate (oxyrauriat) of potash. The red French matches are 
of this kind, and answer the purpose completely. 

In cases where a light might be wanted, but a constant one 
would be offensive, this lamp might.be a great convenience ; a 
light being immediately obtained by merely touching a match 
to the platina coil, and then to the wick of the candle. Physi- 
cians or others who are liable to be called up in the night would 
also find it convenient. 

The aphlogistic lamp, with the proper matches may be Qb- 
tatoed at Mr. Charles Hosmer's Variety Store ki this city. 



QUESTIONS FOR EXERCISE. 



CONVERSATION I. 

What is the object of Chemistry ? 

What is anr elementary substance f 

What is decomposition ? 

What is the difference between decomposition and division^ 

What is a compwind'ho^y ? 

What is the number of elementary substances ? 

What is the difference between attraction of cohesion^ and at" 

traction of composition ? 
How can a compound body be decomposed ? 
What are the names and number of the simple bodies } 

CONVERSATION II. 

Is there an inseparable connection between Hght and heat f — - 
How can they be separated ? 

To what is the phosphorescence of dead animal matter owing ? 

How do you distinguish heat and light from each (^her ? 

Wliat \sfree caloric ? 

What is combined or latent caloric ? 

What is the difference between heat and caloric ? 

What is the most remarkable effect of free caloric on bodies ? 

Does heat expand all bodies in the same degree? 

What is the temperature of boiling water ? 

Why cannot water be heated above a certain degree in the open 
air? 

Why was the freezing point of Fahrenheit marked 82® ? 

Why do air thermometers indicate smaller changes of tempera- 
ture than others ? 

Can your name any substance, or any known condition of a sub- 
stance in which caloric is absent ? 

What is cold ? 

Why does a metallic mirror fed cold when placed before the 
fire? 

What kind of a surface radiates most heat ? 

Why do metallic coffee pots retain the 4ieat of the coffee Icmger 
than earthen ones ? 

What becomes of the caloric radiated by a hot body ? 
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What is the difference between the radiation and reflection of 
caloric? 

CONVERSATION HI. 

Why do some substances feel hotter, or colder, than others, sA 
the same temperature ? 

Do fluids conduct caloric downwards ? 

How are fluids heated when placed over a fire ? 

Why does water first freeze at the surface ? 

Why does not the surface of the sea freeze ? 

Why does a fire heat glass, when the sun does not ? 

Why, in the summer, is it particularly hot in cloudy, or foggy 
weather? 

Why is the wind cooling to our bodies ? 

Does water boil horn the top, or bottom of the vessel ? 

What are the principle solvent fluids ? 

What is the difference between solution and mixture ? 

Is a fluid increased in bulii by the solution o( a solid ? 

When is a solvent saturated? 

What is eva^poratipn ? 

When does the air contain most moisture ? in winter or sum- 
mer? 

How do you account for the formatioo of dew ? 

Why is a glass of cold water covered with moisture in hot 
weather ? 

Why does the evaporation of ether freeze water ? 

How does ignition difler from combustion ? 

CONVERSATION IV. 

What is understood by capacity for caloric ? 

Have all bodies of the same weight the same capacity for ca« 

loric ? 
How is the capacity of bodies for heat ascertained ? 
What is latent caloric ? 

How does latent caloric differ from specific caloric ? 
Why does not the thermometer rise in a warm room, when its 
^ bulb is in a piece of ice ? . 
How much latent heat does water contain ? 
Is the real zero known to exist ? 
How can ice be made in the summer ? 
Why does the slaking of lime produce heat ? 



CONVERSATION V. 

What kind of body is electricity ? 

How many metais are required to produce the galvanic action ? 

Can galvanism be produced without water ? 

How' many kinds of electricity are there ? 

What were the ideas of Dr, Franklin on this subject ? 

What is said to produce the heat of the electric fluid ? 

What is the difference between electricity and galvanism ' 

What difference does it make in the action of the galvanic bat- 
tery, whether you increase the number of plates, or enlarge 
their dimensions ? 

CONVERSATION VI. 

Of what is the atmosphere composed ? 

What is a gas ? 

To what do the gases owe their elasticity ? 

What proportions of oxygen and nitrogen constitute common 
air? 

When a substance burns, what does it absorb ? 

Why is it necessary to heat a combustible substance to make 
it burn ? 

Why does a candle confined in a small portion of air soon go 
out? 

How does oxygencntwn differ from combustion ? 

Why is there no smoke when the fire burns best ? 

Do the constituents of the atmosphere exist vg a state of chem- 
ical combination ? 

CONVERSATION VIL 

What does the word hydrogen signify ? , 

How does hydrogen produce water ? 

Of what is water composed ? 

What are the means of decomposing water ? 

What the results of galvanic action upon water ? 

How much lighter is hydrogen than common air ? 

Will oxygen ancUiydrogen combine in any other proportion 

than that whicii forms water ? 
In the burning of a candle, why is there a little space of wick, 

left between the tallow and flame ? 
What is the gas called which is used in lighting streets ? 
How is this gas procured ? 
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Describe the miner's lanp. 

What is the use of this lamp ? 

CXM^VERSATION VIII. 

Where is sulphur obtained ? 

How does brmuiome differ from tht jlowars of sufyhur f 

What is soblimation ? 

When solpbar is bumedyVhat Is the product ? 

From whence b phosphorus obtained ? 

What is the result of its combustion I 

How are the phtisphonis and phosphoric acid formed ? 

Does phosphoric combine with hydrogen ? 

What are the singular properties of phosphuret of lime ? 

CONVERSATION IX, 

What is carbon ? 

Under what form does crystallised charcoal appear ? 

Why does charcoal bum without a blase ? 

What becomes of carbon during. its combustion ? 

Is it possible to bum a diamond ? 

What is the product of its combustion ? 

Does carbon unite with more than one proportion of oxygen f 

Is it safe to breathe carbonic acid ? 

Why does a small quantity of water increase the flame of a 
fire? 

What is the composition of biack lead ? 

How may the adulteration of volatile oil be detected ? 

What are the products of a burning candle or lamp ? 

How does carbpn restore oxydated substances to their combus- 
tible state ? 

CONVERSATION X. 

How many metals are there ? 

Name them. 

Where are the metals found ? 

How are they refined ? 

Are all the metals combustible r 

What are oxides ? 

What use is made of metallic oxides ? 

How is the most intense heat produced ? 

Do the metals oxydate on being exposed to the air ? 

When a metal dissolves in an acid, what causes the heat ? 
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What state must a metal be in before it can be dbsolved by an 
^ acid? 

What is crystallization ? 
Do any of the metals combine mth so much oxygen as to be* 

come acids ? 
At what degree of cold does mercury become solid ? 
From whence do the metallic oxides derive their poisonous 

qualities ? 
What peculiarities have the new metals, discovered by Sir H. 

Davy ? 

CONVERSATION XIII. 

What is the attraction of compontion ? 

What is the kind of attraction which brings acids and alkalies 

to unite ? 
What are the seven laws of chemical attraction ? 
What are the BcUifiahle hoses ? 
What are the soHj^abk princMes f 
How do salts ending in cde diner from those ending in ite? 
How do acids ending in tc difier from those ending in oub? 
How are chemical compositions, and decompositions efiected ? 
What is meant by ^te^cett^, and divelkmt forces ? 
When acids and alkalies unite in seveial prq>ortion8^, what rel»* 

tion do these proportions bear to each other ? 
When a salt is^ecomposed by galvanism^ 9i which pde does 

the acid appear ? 

CONVERSATION XIV. 

What Me the alkalies ? 
What is their composition ? 
What are the general properties of the alkalies ? 
On what does the causticity of the alkalies depend ^ 
To what colour do the alkalies change the vegetable blues ? 
From whence is potash obtained ? 
What is the chemical name of potash? 
What is its composition ? 

Why IS heat disengaged when water is poured on caustic pot- 
ash ? 
What is the result when potash is melted with silex 9 
What is the chemical name of sakpetre ? 
What is its composition ? 
From whence does soda derive its name^ 
How is it obtained ? 
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Howdof!^9oda6UkrfrQm,pot(i8h? 

Why is the volatile alkali called ammonia ? 

From what is it extracted ? , 

By what meani cao ammoma be separated from the mitnati(^ 

add? 
Under what form does it appt^ar when pure ? , 
What is the composition oi ammonia ? 
How can ammoniacal gas be retained for experiments without a 

mercwial bath i 
How do you account for the production of cold^ when ice is 

melted with ammoniacal gas ? 
What is the substance used in smelling bottles, called harts- 
, horn? 

What is formed when ammonia unites with oil ? 
From what ckss of substances can ammonia be extracted ? 

COKVERSATION XV. 

What is the number of earths, and what their names ? 

Why are they incombustible ? 

What costly substances do the earths compose ? 

With what are the gems coloured i 

Which ar^ the alkaline earths ? ^ . 

Wiiat jMJbstances contain silica in the greatest abundance ? 

What is the composition of Derbyshire spar? 

What are the important uses of silex ? 

From whence does alumine derive its name ? 

From what substance is this earth obtained ? 

In what kind of soil does it occur most abundantly ? 

Is it useful in the arts, or otherwise, and for what purposes ? . 

Name tiie alkaline ieiarths. 

Of what use is harytei ? 

Has it any remarkable properties ? 

In what respect does caustic lime differ from lime-stone ? 

What is the process of making quick- lime ? 

What effect does the air produce on quick-lime ? 

What effect has water on it ? 

What is the cause of the heat, when lime is sprinkled with 

water ! 
Does it dissolve in water, and in what proportion ^ 
What is the process of making lime-water ? 
For what has lime a remarkable ai&nUy ? 
Why does lime-water turn white on breathing into it ? 
Of what use is lime in the arts ? 
Of what use is it in agriculture ? 



WliHt are the principal ases of magmesitt? 

Does it attract wkter ? 

In what state is it used in medicine ? 

What does it form when combined with iulphuric add? 

Is strontion of any use ? 

What are its pecoliarities ? * 

CONVERSATION XVI. 

What is an ad(f.^ 

What are the general properties of the acids ? 

What is meant by the radical of an acid ? 

What substance unites to the radical to form an acid ? 

How does the language of chemistry distinguish the stronger 

from the weaker acid ? 
What term is used to denote the first degree of oxygenation ? 
When a radical unites with another proportion of oxygen after 

that denoted by icy what term is used ? 
Are all the acids capably of equal degrees of oxygenation ? 
What is the number of acids ? 
How many kinds of adds are there ? 
Name the acids which are known to have simple bases. 
Which are cslled mineral acids ? 

Qf what are the radicals of the vegetable acids composed ? 
Why do these acids differ, when composed of the same radicals ? 
What are the names of the vegetable acids ? 
Name the acids with triple radicals. 

What is their composition, and from whence are they obtained ? 
By what means can the acids of simple radicals be decomposed } 
Why does sulphuric acid change the colour of wood to black ? 
Why do not the vegetable acids produce the same effect ? 
What is the reason the vegetable acids are not decomposed by 

combustibles ? 
Po the mineralacids have the same effect upon the skin that 

they dot>n wood ? If they do not what is the reason ? 

CONVERSATION XVI|, 

What is the chemical name of oil of vitriol ?. 
What is the colour and smell of sulph. acid ? 
What is its specific gravity ? 
What b the consequence of mixing it with water? 
What is the process for obtaining sulp. acid ? 
What the best antidote, when a quantity is swallowed ? 
How can the sulphunc acid be changed to the sulphurous !< 
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What ate is ma3e of stiiphwottaind? 

What is the easiest process ibr making this asid ? 

Define what the term 9fdi neans/ ^ 

What is tiK cbemical^ name aii^<ompositioii aC ^flflK&er^ ia2& 

H4»w can sulphate of soda be formed ? 

What qualities in the salts are denotediby tke HMuarmghfmai 

and deliquetcenif 
From whence comes sulph. of ahumae ? 
What are its principal uses ? 

How 4s sulphate ol iron manufactured iu the llo^ga way ? 
What substance strikes a bbick coloerwithsalpli^ of kos? 
Why does the cutt'mg of an apple tamthft bbMle of tht )mk 

black? 
Wheoe ispkotpkaie of lime ehidty. foand ? 

CONV£i^ATiC»l XVHL 

What acids are formed^ the oombinotrad atniirogenwaloiih 






What acid contains the greatest propordon of cugpgeir.? 
Explain the reason why nitric acid iafiaiaes chiuxoal^ ^ ^ 

pentine,to. 
H^w is nitric acid obtained, and &oiB!wk«t aebstance ? - 
How can^nitrte, be converted kt nitrocia^ acid } and wkat it^be 

cause- of the change ? 
Why does nitrk acid act witkpeeuUar eaef^oir€o«baBtible»f 
How can mtrout air be procufed torn aitric acid^ and irhat k 

the pnndple ? 
How iSi nkraos ak" Cfjorerted iixtQ.m<roii«^ ocftd^ 
On what principle can nitrous ak be applied to test the pinty 

of the i^roosphere ? ^ What is the procesa ? 
fiowiatheeax^toiiitiii^gas procttred? ' 
Describe the process of making nUr&te cf ammoma* 
What caution Is. necessary before it is breathed ? 
When dockesiical decompo6^oiis.aiid oombkiatiooatahepkce 

during the formation of this gas from nitrate of ammonia 1 
Why is mtrmie of poimthuai^ in making gmm powder^ rather 

than any other salt ? . 

What causes the detonation when gun pcnirder la* fired ? • 
What gas is formed -when charcoal is bwmadiiiaozygen/fas*? 
By wte method can charcoal be procured froaacarbeiiieaekl^^ 
What portion of tbe/atorospbere isifonned of this gaaf 
By what means is this gas i|»ocured for experiment? 
From whence came the immense qaantity oi emhftmtwMf^o- 

taiaed m lisieatoiie rocks t 



in mhal mmacr ^^w ihh'iglM4e9$^Qy Itk? 

W;iat effect does it have oo vcfelation ? 

What are the waters called which coQtaiQ this, gas ? 

Wlutt aro the sahs eaUad 4vh<ck are fw^y «oaipoied «f tlift 

gas •/ 
H^w f^fte«8t?e k this class ef aalta^ Md imder irh«t fonois «te 

thcjr chiefly occur in nature ? 

CONVERSATION XIX. 

What it the bans of 6oractc acid ? 

What is the ooflsflosttioa of borax ? 

What are lis «Mt? 

From nthence is/iiof»e«dM{«bt«06d ? 

What are its peculiar properties ? 

Pescribe the iMthod t>f 4«cA«i^ 011 jtlssf. 

^Mh wtet is muriatic meid'Meity lomd ^saoftl^fted ? 

What is the natural state In which this exists ? 

Hdw^cmi this gas be oanfined wkhoiit« «ercttrial jbath ? 

What is the basis of moriatic acid ? 

Is this add capable of iMoibiiiiag with difiereat iptoportk>BS of 

oxygen t 
Why is not the least -degree «f -omygmmiiion called the muriai" 

OIC9«bM? 

How is oxy^muriatic acid obtained P 

Explain the reason why metals inflame in this gas. 

Why does a mixture of nitric, and muriatic ac& dissolve gold^ 
when neither of tkiem vnA do it almie ? 

Why does oxy^noriattc acid mm the eoloor «f ^vsegfetabka 
uMel 

Of what use is this add in the arts ? 

Why is oxy-muriatic acid lately called Marine^ 

What are the reasons for supposing that chtoikieis a simple 
substance? 

Wfaal ate the reasons for supposing that it is not a snuple sub- 
stance? 

From whence, and by what process is muriate of so^<obtaiiied ? 

Whi^ two gases, when mixed form muriate of ammomiaf De- 
scribe the experiment. 

What are she peculiar |m>peflies of t^jfHminMife^fi^^ * 

Why doesk explode on beingrubbed with charcoal, sulphur, 4I^. 

What gases are generated at the moment of explosion with 
charcoal? Explain the changes whkh take place> and thfc 
» of the detonation. 



How can photphoros be set on fire at the botloK «f sTVe^^ ot 

water ? and bow do yoo acconnt for it ? 
What are tbe peculiturhiet of Idlitfie ? 
How can jou sbow the vioki coloartd f«s ? 
From whence is iodine obtained P 
Whjisitoonndereda^ikttplebody? ' . '^ 

CONVERSATION XX. 

What are organited bodies, and how do they diifor kern inOK- 

ganic fnatter ? [ 

Define what life is. - 

What constitutes the Moipleit class of organsed bodte t 
Of wl^t are vegetables chi^y composed ? 
What are the materials of vegetables f 
h any part of a planieoniiioMd of a stogie I ngwd i en t ? 
Why do vegetables decompose, when the pnndf^e of Hfe is ex- 

thigaished? 
Vegetables are saseeptible of two kinds of aaaly^s, what is the 

^jectofeach? 
What is mtict/Stig^e, and what are Its uses' ? 
Can gam be used as food ? 
What proportion of vegetables contain si^«f^ 
In what manner is siigtt obtaisod firoat the $ugm^4jiMmff \[ 
How does Aofte^ d^fiir firom sugar ^ ' 
What is fecula .* - 

What is ^lK<en« 

How niaoy kinds of vegetable oi& are there 1 
From what part of plants are fixed oils obtained ? 
What are the principal drying oils ? . . - 

On M^at does this qoalky defend ? 
Why do pamters add oxyd of lead to their oils ? 
To what is the rondc^d^ of oil owing ? 
Is there any known method of making oil by c on tb iaitfg its 

principles? ' • *' 

How do volatile di&er itomjixed oils ? 
How are volatile oils obtained ? 
When they are adalterated with fixed oils how (»n the firaitt^ be 

detected? -^ 

From whenc^ does -camfkor come, and from what. 1$ it e)^ 

tracted? -■ •' 

What is the method of obtaining it ? 
Is camphor contained in other plants ? 
What are re«n« ? 
How are vami9he9 pn^wred ? • . : .f 
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What are baUams ? 

Give some account of ecKM^dbue or g« M ala^d e. 

What is extractive matter ? 

What is thecoBdkton neqwred Jo^troi agood d^e f 

Explain the nature uid uses of mordants. 

What substances are commonly used as onHrdants ? 

What is tannin f 

How is artificial tannin ouide ? 

What is tfOMfy fibre? 

Of what is it chiefly commoted ? 

What are the names of the vegettMe adds f 

What is the coQuposition of t£e bwea ollbeat actib? 

What IS the galUc acid ? 

What are g^y and how are they f(MtB«d f 

How does Ihe osdJiic acid remove ink spots ? 

CONVERSATION XXI. 

What are the idements into which vegetate ave reduced by 

natural decomposition ? 
What is the process called which dinmitea and detson^^^i^i^ 

elements of vegetables ? * 

How mtmy kinds ^JmmmMian are tkeve ? . 
What circumstances are necessary to induce this process ? 
Give some account of the saccharine fermentation.. 
What is the process of making malt ? 
What changes do the iagrectoaits of the barley fuldergo to htm 

malt? 
What is the second fermentation called ? 
Why does barley resist the vinous fermeiitaMoA ufltil it hot 

gone thtOMgh the sa ctAm r i m g ? 
What changes take place aflwng the logrec^fBts present, dimng 

theimcMS ferment^ion ? 
What is the principal difference between alco^ and ^^Or ? 
When wine is duHOedy what Is the prodoct ? 
How does sugar differ from starch ? 
What difemce is there between gm md bialK||H^ 
What is the #rigin of artom of tartar ? 
Qn what dQe» the intoiica^g q«altty •Clk{iio0ilBp«id? 
What is the composition of alcohol ? 
Describe the spirit lamp. 
How is ether obteined ? 
Huw does it differ from alcohol ? 
Wh«t is the afect of the mcetem fe imtt H atw p t 
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What It the reasoa that wine^ or cider, when corind light does 

not turn to vinegar ? 
What kind of fermentatton ii excited by the yeaat to ttake 

br»d? 
What la the final operatloB of nature to redoce v^etaMar Iq 

their elements ? '^ 

How are pe^rt/bc^MMif formed ? 
What are bitumens^ and how are they formied ? ^ 

Why does naptha preserve potassium ? 
WhatisaapAaftMmy 

What is eoaif and what ar« its ingredients ? 
How does coke differ from coal ? 
What is amber J and where is it found ? 

CONVERSATION XXIl 

From whence do all animals uhimately derive their sintenaoce? 

From whence do plants derive their food ? 

Will plants live on pure water? 

Why do animal substances make the best manwFe} 

What part of the seed are the cotyledoM ? 

What is the radicle ? What is the phttmle? 

What purpose do each of these answer during gtrmittaUmii'^ 

What office do the leaves of plants perform during their gfowtii ? 

What different functions do the two sides of "^e kaves per- 
form? 

What is essential to the developement of the cdoura of plants? 

Why is air necessary to the growth of plants ? • 

In what way does animal and vegetable life mutually support 
each other? 

Through what vessels does the uip of plants ascend ? * ^ 

What is the distinction between ^inarmtm^ and Aa«trf^900(f f 

How n pitchy tar, and turpentine obtained ? 

Why do vegetables grow^ only during the warm season ? - 

CONVERSATION XXIII. 

What are the MHamental priiK^lesof' ammed coa^MHHids? 
Vv bat are the illraiediate mi^erials of animal compounds ? 
Whatis^elo^^? What use is made of it in the arts, or m 

medicine? 
From what substance is gelatine extracted ? 
By what means may It be «Jttracted from bones P * 

Of what is soup composed ? 
How does ^luedSfienfroi&gdiitiae^ s . . 
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Why is silver tarnished by the white of an ^ ? 

How may it be procured ? 

Ib what respect does the composi^oii of animai oil, difier from 

the Oil of vegetables ? 
What are the bases of the emisnai acids ? 
What are the names of those which «re found ready formed la 

animal substances? 
What animal acids are produced by decomposition ? 
By what means is the jprtimc itdd procured ? 
Does this acid exist ready formed in blood ? 
By what chemical combinations is it pcoduced ? 
How is it, that this colourless acid is the cokmring matter of 

Prussian blue ? 
What is carmine ? How is it prepared ?. 
VfhBiia ivory black 1 

CONVERSATION XXIV. 

What is ammo/tso^toTi? 

What is nutrition ? 

Wliat are the prkictpal organs by which the operations of the 

animal system is performed ? 
What are the ingredient of the bones ? 
From whence do infants obtain phoephat of lime ? 
How are the teeth formed P 
Under what circumsttmce is the phosphate of lime assimilated 

in adult animals ? 
What causes the disease in infants, called the rieJcete ? 
How are the bones connected together ? 
What a«e the uses of the eartikxgee i 

What are the mtf«d(S«? ' 

Where are they situated, and what are their uses ? 
What part in the circulation of the blood does the arteries per 

form? , 

What part do the veins perform ? 
W hat is the nature of the ly$»pk ? 
Whatisdiyfe? 
What is its use ? 

What is the composition of nUlk 1 
What functions do the glands perform P 
Does the blood contain all the substance found in the products 

of secretion ? 
Wlu^otificet do the nervM perform? 
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What is the source of the nervous system ? * 

What parts of the auiaial system are without oerves ^ 

How is it that the nerves convey dLfierent sens^Uofis^ vhef 

they ail have a com moo source ? 
Of how aany ccNits ii the «i»i eoq^Mrifed ? 
What are they called ? 
Where is the colour of the akin aimatMl ? 
WhM dtfierence in c<4oiir is there between the ^^iticle €rf a 

white mao^ and a Uack one? 

CONVERSATION XXV. 

What is digestion f 

Where IS it perfonvfd ? 

What is the solvent of the food in the stomach } 

Are the coats of the atooiach liable to he destroyed by the 

gmtricjtdcef 
.What produces the sensation of hunger ? 
What b the alimeotx^led alter it has bean ac^d on by the 

gastric juice ? 
What changes does the cAjfMe undergo bel(^ U is^MOXJbed? 
By what system of vesseb is the chtfle taken op t 
How does it obtain admitunoe into fiirculation i 
In what does re^piraHon consist ? . 
What constitutes the mechamoal part of this process ! 
By what means is the cho^ expanded so as to adhnk aur into 

the lungs P 
How many times does a person Ineathe m a minute ? 
Describe the circulation of the blood. 
How does ffrleris(/ blood differ fro« «eneift ? 
How do you account for the difference of cokMir hetwe^ theaa f 
What are the two cavities of^fae heait^led ? 
Which cavity receives the arterial, and which the venous bkKid ? 
What change does the biood ondeigo an ita passi^ throngh 

the lungs? 
What effect does respiration have on the air we breathe? 
The blood undergoes two circoiations ; what i^ the dififerenei 

between them ? . 

What is the quantity of carbon expelled from the lungs nf a 

person in 24 hours ? 
What quantity of air do we take into onr hmgs at each insphm* 

tion? 
b it ahsi^utdy certain that the carbon emitted by re^ratioii 

comes from the blood ? 
Are all the products of secrelian eontainediB the blnod 9 
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If not, how is it most probable that these new substances are 

formed? 
By what system of vessels is the perspiration secreted ? 

CONVERSATION XXVI. 

What analogy is there between the effects of respiration, and 
tiu>se of combustion ? 

What is the principal source of aninud heat ? 

What are the objections to Black's theory of animal heat ? 

How are these (Ejections obviated ? 

What objections can be brought against Dr. Crawford's theory? 

What does Mr. Brodie's experiment prove ? 

What are the objections to Dr. Cooper's theory ? 

What are the objections against Dr. Philip's theory ? 

Why Is the heat increased duripg a fever r 

Why does not violent exercise greatly increase the temperature 
of the body? 

On what principle b It that the temperature of the body remains 
the same in winter as in summer ? 

Is the temperature of a living aAimal raised by being exposed 
to a heat, greater than that of its own body ? 

Ho^is it proved that fish camkot live without anr ? 

What effect does the respiration of a large or smaU quantity, 
of air have on the muscular powers of animals ? 

Why are amphibious animals enabled to remain a long time 
under water ? 

What is composition of milk f 

What are the ingredients in milk? 

What does cream absorb from the atmosphere to turn it into 
butter? 

Why does the butter-miUc become sour when the butter separa- 
ted from it is sweet ? 

What causes butter to become rancid ? 

What does rennet contain which causes the coagulation of milk? 

What is spermaceti ? 

What is ambergris? 

By what process does dead animal matter return to its elemen- 
tary state ? 
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AcekOtM. CoiDpOttMds fotoied ^ihecombtoatioo iot m htm 
Addi. Compounds fonned by the combmatUm m( otygen 

ni^stanccsy whkb are tour to tbe tatle, aad mbkh onke mkh 

Alkniiei^ «od neUlHc oxides to ibrjn saks. 
Ackkke. Snbtttmcm U»med bj tke JMioral ^ombiaatioii of 

some acidf vitb a quality of |Mtaab. The oxaUc aad tafw 

taric aiads ase emnples^ 
Aeriform itiids. Elaatic itiidk Atmof pbenc air, and the 

fases wtt of tbia kbid. Tbeir aeiform state is owiog to tbe^ 

caloric with which their bases are cofflbined. 
Affinity^ chemioaL A termosed to expfiess that pecuSar pnv> 

pensity wbich~ substances of difiareot kinds have tocmitc nrlth 

^ob other, as acids and alkaties, &c 
— — — - of aggregation. That force is so called by vhi^ snb- 

staacas of the same kind tend to aatte, without changing their 

qualities. 

of composition. That force by which substancas cf 



different kinds combine^and form a third, which differs fhua 
ekiier of the two first, before the combination. Thus muri- 
atic acid and soda form common salt. 

Aibumen. Coagulable lymph. It is contained in animal sub* 
stances, as the serum of the blood. The white of €^ Is al- 
bumen. 

Alcohol. Rectified spirit of wine. It is always the same, from 
whatever kind of spirit ft is distilled. 

Alkalies. Peculiar substances which have a caustic bumihg 
taste, and a strong tendency to combinadon, particularly 
with acids, and wit^ w^er. 
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jMhys. A combination of any two metals, except mercury. 

Brass is an alloy of copper and zinc. 
Amalgam, A mixture of mercury with any other metbl. 
Analysis. Separation of the constituent parts of compounds, 

for the purpose of detecting their composition^ This is done 

by reagents. 
Annealing. Rendering substances tough, which before were 

brittle. The metals are annealed by heating them red hot, 

and then cooling them gradually. 
Arseniates. Salt^ formed by the combination of a base with 

the arsenic acid* 
Azote. This name is given by the French chembts X^niitro* 

gen, which see. 

B. 

Balsams. Resinous^ semi-fluid substances, winch «9robtlMi»ed 

frmn (%ftai» trtes by making indsioQS. 
Batometsr. Ah kiatnunefH f^cb indicates the variatioas of 

the pretsHre of the^toKBpheKe, as thermonetersi do of heat 

and cold. 
JBoae* A term used by chemi^& t» denote the substatiefr to 

which an acid is united to form a ssdt. Thus sodct is the' 

base of common salt. 
Benxoates. Saks^fonned by tbeimioii of the 6e»eotc acid with 

a base. 
BlwhPipe. An inttninent to increase and direct the flame of 

a lamp for the aaalyiis of minerals, and for other chemical 

pu r p oses . 
Borates. Salts formed by the combination of any base with 

the acid of bmpao. 



Calcareoas. A chemical term formerly applied to descrihe* 
chalky marble, and all other combinatiofts of Ikne with car- 
bonic acid. 
CakiTtatioH. The application of heat to. saline, metallic, or 
other substances ; so regulated as to deprive them of mois- 
ture, &c. and yet preserve them in a pulverulent form« 
Caloric The chemical term for the aaatter of heaU 

free* Is caloric in a separate state, or, if attached te 
. other fubstance^ not chemicalfy uiMted with them. 
: hteni. Is the term made use of to express tbatfMir- 
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tion of caloric which b chemically united to any mfciiiince^ 
to as to beconie s^part of the said substance. 
Ceiorimeter. An instrument for ascertaining the quantity of 
ca]oric disengaged from any substance that may be the ob- 
ject of experiment. 
Calx, An old term made use of to describe a metallic oxide. 
Camphorates. Salts formed by the combination of any base 
with the camphoric acid. 

CapiUary, \A term usually applied to the rise of the sap in 
vegetables, or the rise of any fluid in very small tubes ; owing 
to a peculiar kind of attradion,' called aapillary attraction. 
Carbon. The basis of charcoal. 

Carbonates. Salts formed by the copibination of any base with 
carbonic acid. 

Carburets. Compound substances, ef which carbon forms one 
of the constituent parts. Thus plumbago, which is compo- 
sed of carbon and iron, is called carburet of iron. 

CauHicity. That quality m certain substances 4iy which 
they burn or corrode animal bodies to which they are appli- 
ed. It is best explained by the doctrine of chemical aflinity. 

Chalybeate. A term descriptive of those mineral waters wbkh 
are impregnated with iron. 

Ckarceai.^ Wood burnt in close vessels : it is mi oxide of 
carbon, and generally contains a small portion of salts and 
earth. Its carbonaceous matter may^ be converted 1^ com- 
bustion into carbonic acid gas. 

Chlorine. A name hitely given to the substance usually called 
oxymuriatic acid. Its compounds are called by the nai&e of 
their bases with the ending of one. As phosphoiajie^ sul- 
phurane, &c. 

Chromates. Salts formed by the combination of any base 
with the chromic acid. 

Citrates. Salts formed by the combination of any base with 
citric acid. 

Coal. A term applied to the reiMuum of any dry di^tillatioQ 
of animal or vegetable matters* 

Cohesion. A force inherent in all^the particles of all substan- 
ces, excepting light and caloric, which prevents bodies from 
falling in pieces. 

Cohtmbates. Salts formed by the combination of any base with 
the columbic acid. ^ 

Combination. A term expressive of a true chemical union of 
two or more substances; in.opposition to mere mechan- 
ical mixture. 

Combustibles. Certain substances which are capable of cqip- 
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^ bifung mon or less rapidly with oxyfjcn. They are divided 
by chemists into siixipW and compoimd combustibles. 

Qomfm^an The act of ahsorption of oxygen by combustible 
bodies from atmospheric or vital air. The word decombus- 
tioD is sometimes used by the French writers to signify the 
opposite opersrtion. 

Crucibles. Vessels of mdispensable use m chemistry in the 
various operations of fusion by heat. They are made of ba- 
k^d earth, or metaJ, in the form of an inverted cone. 

CrystaUization. An operation of nature, in which various 
earths, salts^ and metallic substances, pass from a fluid to a 
solid state, assuming certain determinate geometrical figures. 
■ water of. That portion which is combined with 
salts in the act of crystallizing, and becomes a component part 
of the said saline substances. 

QupeL A vessel made of ealcined bones, mixed with a small 
proportion of clay and water. It is used whenever gold and 
silver are refined by melting them with lead. The process, 
is called cupeliation. 

D. 

Decomposition. .The separation 0/ the constituent principles 
of compound bodies by chemical means^ , 

D^agratioH* The vivid combustion that is produced whene- 
ver nitre, mixed with an inflammable substance, is exposed 
to a red he^t. It may be attributed to the extrication of ox- 
ygi^ from the nitre, and its being transferred to the inflam*- 
juable Miy ; as any of the nitrates or oxygenized muriates 
will produce the same, effect. 

Deiiqu(N^ewe of goUdtaiine bodies signifies their becomilag 
moist, or liquid, by means of water which they absorb from 
the atmosphere in consequence of their great attraction for 

* that fluid. 

Deoxidize (formerly deoxidate.) To deprive a body of oxygen. 

Deoxidkement, A term made use of to express that operation 
by which one substance deprives another substance of its 
oxygen. It is called tmburning a body by the French chem- 
ists. 

Detonation* An explosion wkh noise. It is most commonly 
applied to the explosion of nitre when thrown upon heated 
charcoal. 

Dtg^ion, The eSdct produced by the contmued soaking of 
%IDlid substance in a liquid, with the application of b^at 
31 
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Digestor^ Papii^s, An apparatus for reducing atiiflaal or ve^ 
getable substances to a pulp or jelly expeditiously. 

Disdilation A process for separating the volatile parts of a 
substance from the more fixed, and preserving them both in 
a state of separation. 

Ductilitij, A quality of certain bodies, in consequence of which 
they may be drawn out to a certain length without fracture. 

Dvlcijication, The corabmation of mineral acids with alcohol* 
Thus we have dulcified spirit of nitre, dulcified spirit of vit- 
riol, Szc. 

E. 

EdutcoratioH, Expressive of the purification of a substance by 
washing with water. 

Eferveseence, An intestine motion which takes place in cer- 
tain bodi<^, occasioned by tite sudden escape of a gaseous 
substance. 

Efflorescence. A term commonly applied to those ^me crys- 
tals which become pulverulent on exposure to the air, in con* 
sequence<>f the loss of a part of the water of crystallization. 

EloBticity. A force in bodies, by which they endeavour to re- 
store themselves to the posture from whence they were dis- 
phiced by an external force. 

Elastic fluids, A name sometimes given to vapours and gas- 
es. Vapour iS called an c^^ic fluid 5 ga.s^ & permanently 
elastic fluid. 

Elective Attractions* A term used by Bergman and others to 
designate what we now express by the words chemical ajfiu- 
ity. When ^e.-nists first observed the power which one 
compound substance has to decompose another, it was ima- 
gined that the minute particles of some bodies had di preform 
ence for some other particular bodies 5 hence thb property of 
matter acquired the term elective attraction. 

Elements, The simple, constituent parts of bodies which are, 
incapable of decomposition | they are frequently called prin- 
ciples. ' 

Empyrewna. A peculiar and indescribably disagreeable snael}, 
arising from the^burning of animal and vegetable matter in 
close vessels. 

Ethers, Volatile liquids formed by the distillation of sonie of 
the acids with alcohol. 

Evaporation, The conv«rson of fluids into vapour by heat. 
This appears to be nothing more than a gradual sohitipn c4 
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the aqueous particles in atmospheric air, owing to the chem- 
ical attraction of the latter for water. 
Ehidiometer, An instrument inveiHed by i)r. Priestley for de- 
termjn'mg the purity of any given portion of atmospheric air. 
The science of investigating the difierent kinds of gases i§^ 
called, emUometr^. 

F. 

Fermerdation. A peculiar spontaneous motion, which takes 
place in all vegetable matter when exposed for a certain time 
to a proper degree of temperature. 

Fihrine. That white fibrous substance which is left after free- 
ly washing the coagulum of the blood, and which i^hiefly 
composes the muscular fibre. 

Fhtoers, In chemical language, are soUd dry substances r^ 
duced to a powder by sublimation. Thus we have flowers 
of arsenic, of sal ammoniac, of sulphur, &;c« which are ^rsenic^ 

' sal ammoniac, and sulphur unaltered except in appearance. 

FktcUes^ Salts ibrmed by the combination of any base with 
jfiucvic acid. 

Fluidity. A term applied to all liquid substances. Solids are 
converted to fluids by combining with a certain portion of 
caloric. 

Fhix . A substance which is mixed ^ith metaHic ore, or other 
bodies to promote their fusion ; as an alkali ism^ixed with st- 
lex, in order to form glass. 

FuJmifuaion. Thundering or explosion with noise. We have 
fulminating silver, fulminating gold, and other fulminating 
powders, which explode with a loud report by friction, or 
when slightly heated. 

Fusion. The state of a%ody which was solid in the tempera- 
ture of th6 atmosphere, and is now rendered ^uid by the ar- 
tificial application of heat. 

G. 

Galkttes. Salts formed by the combination of any base witli 
gallic acid. 

Qklvamem^ A new science- which oflers a variety of phenome- 
na, resulting from different conductors of electricitj placed in 
diflerent circumstances of contact ; particulaily the nerves of 
tJbe animal body. ^ 

Gas. All solid substances, when converted into permanently 
elastic fluids by caloric, are called gases. 
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Gaseous. Havioglhe nature and properties of ,gas* 
Giisometer, A name given to a variety of utensUs and appara- 
tus contrived to measure, collect, preserve, or mix tbe difier- 
ent gases. An apparatus of this kind is al^ used for the 
purposes of administering pneumatic medicines. 
Gelatine. A chemical term for animal gelly* It exists partie- 

ularly in the tendons and the skin of animals. 
Gluten. A vegetable substance somewhat similar to animal 
gelatine. It is the gluten in wheat flour which gives it the 
property of making good bread, and adhesive paste. Other 
grain contains a much less quantity of this nutritious sub- 
stance. 
Grain. The smallest weight made use of by chemical writers. 
Twenty grains make a scruple ; 3 scruples a drachm ; 8 
drachms, or 480 grains, make an ounce ; 12 ounces, <» 5760 
grains, a pound troy. The avoirdupois pound contains 700^ 
grains. 
Granulation. The operation of pouring a melted metal into 
water, in order to divide it into small particles for chemical 
purposes. Tin is thus granulated by the dyers before it is 
dissolvedJn the proper acid. 
Gramtv, specific* This difienr from absolute gravity in as 
much as itts the weight of a given measure of any soHd or 
fluid body, compared with the same measure of distilled wa- 
ter. It is generally expressed by decimals. 
Gums. Mucilaginous exudations from certain trees. Gum 
consists of Ihne, carbon, oxygen, hydrogen, and nitrogen with 
a little phosphoric acid. 

H. 

Heaty matter of. See Caloric. 

Hermetically, A terra applied to the closing of the orifice of a 
glass tube, so as to render it air-tight. Hermes, Or Mercury, 
was formerly supposed to have been the inventor of chemis- 
try ; hence a tube which was closed for chemical purposes, 
was said to be Hermetically or chemically sealed. It is usu- 
ally done by melting the end of the tube by means of a blow- 
pipe. 

Hydrogen. A simple substance 5 one of the constituent parts 
of water. 

' gas. Solid hydrogen united withaJarge portion of 

caloric. It is the lightest of all the known gases. Hence 
it is used to inflate balloons. It was formerly called inflano- 
mable air. 



OP CHEMICAL TERMS. 353 

Hifdro^Carbojtaies, Coifabinatioiis of carbon with hydrogen 
are described by this terra. Hydro-carbonate gas is procur- 
ed from moistened charcoal by distillation. 

Hydrogmhed suiphurets^ Certain bases combined with sul- 
phuretted hydrogen. 

Hydrd-Oandes, Metallic oxidCii combined with water. 

Hydrometers, instruments for ascertaining the specific gravi- 
ty of spiritous liquors or othBr fluids. 

Hygrometers Instruments for ascertainiug the degree of mois- 
ture in atmospheric air. 

Hyperoxygemzed. A term applied to substances whidi arc 
combined with the largest possible quantity of oxygen. We 
have muriatic acid, oxygenized muriatic acid, and hyperoxy- 
genized muriatic acid. The latter can be exhibited only in 
combination. 

I. 

Infiammation. A phenomenon which takes place on mixing 
certain substances. The ^lixture of oil of turpentine with 
strong nitrous acid is an instance of this peculiar chemical ef- 
fect. 

Infusion. A simple operation to procure the salts, juices, and 
other virtues of vegetables by means of water. , 

Intermediates, A term made use of when speaking of chemic- 
al affinity. Oil, for example, has no affinity for water unless 
it be previously combined with an alkuli ; it then becomes 
soap, and the alkali is said to be the intermedium which oc** 
casions the union. 

K. 

KaU. A genus of marine plants which is burnt to procure mio- 
eral alkali by afterwards lixiviatmg the ashes. 

L. ' 

Itahoratory, A room fitted up with apparatus for the per? 
formanc^ ofchemical operations. 

Lactates. Salts formed by the combination of any base with 
lactic acid. 

hakes. Certain colours made by'cpmbining the colouring mat- 
ter of cochineal, or of certain vegetables, with pure alumine, 
or with oxide of tin, zinc, &c. 

Lamp^ Argand*s. A kind of lamp much used for chemical ex- 

31* 
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periments. It is itkade on the principle of a mni fomace ^ 
and thus produces a great degree of light and heat withou t 
smoke. 

Jjens. A glass, convex on both sides, for concentradog the 
rays of the sun. It is employed by chemists in fusing re- 
fractory substances which cannot be operated upon by an or^ 
dlnary degree of heat* , 

Letigation. The grinding down of hard substances to an im- 
palpable powder on a stone with a muUer, or in a mill adapt- 
ed to the purpose. 

Litharge, An oxide of lead which appears in a state of vitri- 
fication, it is formed in the process of separating stiver 
from lead. 

Lixiviation, The solution of an alkali or a salt in water, or in 
some other fluid, in order to form a lixivium. 

Lixivium. A fluid impregnated with an alkali or with a salt. 

Lute, A composition for closing the junctures of chemical ves- 
sels to prevent the escape of gas or vapour in distillation. 

M. 

Maceration, The steeping of a solid body in a fluid in order 
to soften it, without impregnating the fluid. 

MaJates, Salts formed by the combination of any base with 
malic acid. 

Maileahility, That property of metals which gives them the 
capacity of being extended and fluttened by. hammering. It 
is probably occasioned by latent caloric. 

Massicot, A name gi ven to the yettow oxide of lead, as minium 
is applied to the red oxide. 

Matrass, Another name for a bolt-head. 

Menstruum, The fluid in which, a soUd body is dissolved. 
Thus water is a menstruum for salts, gums, &c. and spirit of 
wine for resins. 

MetaUic Oxides, Metals combined with oxygen. By this 
process they are generally reduced to a pulverulent form 5 
are changed from combustible to incombustible substances ; 
and receive the property of being soluble in acids. 

MineraiU Any natural substance of a metallic, earthy, or sa- 
line nature, whether simple or compound, is deemed a mine- 
ral. 

Mineralizers. Those substances which are combined with 
metals in their ores 5 such are sulphur, arsenic, oxygen, car- 
bonic acid, &c. 

Mineralogy. The science of fossils and minerals. 
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Mineral Waters. Waters which hold some metal, earth, or 
salt, in solution. They are frequently termed Medicinal 
Waters. . 

Moli/bdaies^, Salts formed by the combination of any base 
with the molybdic acid. 

J^hrdants. Substances which have a chemical alfiinity for par- 
ticular colours ; they are employed by dyers as a bond to 
unite the colour with the cloth intended to be dyed. Alum 
is of this class. 

Mticilage, A gluti nous matter obtained from vegetables, trans- 
parent and tasteless, soluble in water, but not in spirit of 
wine. It chiefly consists of carbon and hydrogen^ with a 
little oxygen. 

Mucites. Salts formed byHhe combination oi any base with 
the raucous acid. 

Mujie. A semi-cylindrical utensil, resembling the tilt of a 
boat, made of baked clay ; its use is that of a cover to cu* 
pels in the assay furnace, to prevent the charcoal from (ail- 
ing upon the metal, or whatever is the subject of experiment. 

Muriates. Salts formed by the combination of any Isase with 
muriatic acid. 

Natron. One of the names for mineral alkali, or soda. 

Neutralize. When two or more substances mutually disguise 
each other's properties^ they are «aid to neutralize one anoth- 
er. 

Neutral ,Salt. A ^i<(>stance formed by the union of an acid 
with an alkali, aii earth, or a metallic oxide, in such propor- 
tions as to saturate both the base and the acid. * . 

Nitrates. Salts formed by the combination of any base with 
nitric acid. 

Nitrogen. A simple substance, by the French chemists called 
txzoie. It enters into a variety of compounds, and forms 
more than three parts in four of atmospheric air. 

O. 

Ockres. Various combinations of the earths with oxide, or 
carbonate, of iroq. 

Ores, Metallic earths, which frequently contain several extra- 
neous matters } such as sulphur, arsenic, &c. 

Oxalates. Salts formed by tne combination of any base with 
oxalic acid. 
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Oxide, Any substance combined with oxygen, in a pr<^N 
tion not sufficient to produce acidity. 

Oxidize. To combine oxygen with a body without prodticmg 
acidity. 

Oxidizement, The operation by which any substance is com- 
bined with oxygen, in a degree not sufficient to produce acidity. 

Oxygen. A simple substance composhig the greatest part of 
water, and part of atmospheric air. 

■ gcLS. Oxygen converted to a gaseous state by calo- 

ric. It is also called vital ah. It forms nearly one*fourth 
of atmospheric air. 

Oxygenize. To acidify a substance by oxygen. Synonymous 
with Oxygenate 5 but the former is the better term. 

Oxygenizement. The production of acidity by oxygen. 



PeUick' A thin skin which forms on the surface of saline so- 
lutions and other liquors, when boiled down to a certain 
strength. 

PMogi^ton. An old chemical name for an imaginary sub- 
stance, supposed to beacombination of, fire with some other 
matter, and a constituent part of all inflamaiabJe bodies, and 
of many other substances. 

Phosphates. Salts formed by the combination of any base 
with phosphoric acid. 

Phosphites. Salts formed by the combination of any base 
with phosphorous acid« , 

Pho$phMret8. Substances formed by an unioB with phospho- 
rus. Thus we have phosphuret of lime, phosphuretted hy- 
drogen, &c. 

Plumbago. Carburet of iron, or the hiack lead of commerce. 

Pneumatic. Any thing relating to the airs and gases. 

.*^_-..^ ;-^- trough. A vessel filled in part with wat^- 

or mercury, for the purpose of collecting gases, so that they 
may be readily removed from one vessel to another. 

precipitate. Any matter which, having been dissolved in a 
£uid, falls .to the bottom of the vessel on the addition of some 
other substance capable of producing a decomposition (>f the 
compound, m consequence of its attt^ction either for the 
menstruum or for the matter which was before held in solu- 
tion. 

Precipitation. That chemical process by which bodies dissol- 
vc'd, mixed, or suspended in a fluid, are separated from that 
fluid, and made to gravitate to the bottom of the vessel. 
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¥rmd^€8. Saks formed by the combination pi any base with 
prussic acid. 

Patrefycttori' The last fermentative process of nature, tfy 
which organized bodies are decomposed so as to separate 
their principles, for the purpose of reuniting them by future 

- attractions, in the production of new compositions. 
Fyrite9. An abundant mineral found on the English coasts, 

and elsewhere. Some are sulphurets of iron, and others 
sulphurets of copper, with a portion of alumine and silex« 
The former are worked for the sake of the sulphur, and the 
latter for sulphur and copper. They are also called Mar- 
casites and Fire-stone. 

■ ■ mmidah That species of pyrites which contains 
iron for its basis. See a full account of these minerals in 
I^enckel's Pyritologia. 

Pyrometer, An instrument invented by Mr. Wedgwood for 
ascertaining the degrees of heat in furnaces and intense fires. 
See Philosophical transactions, vol. Ixii. and Ixiv. and Chem- 
ical Catech. 

Pyrophori. Compound substances which heat of themselves^ 
and take fire on the admission of atmospheric air. See an 
account of a variety of experiments with these comf^o^- 
tions in Wiegleb's Chemistry, quarto^ page 622, dec. 

Q. 

Quartz. A name given to a variety of siliceous earths, mixed 
with a small portion of lime or alumine. Mr. Kirwan con- 
fines the term to ^e purer kind of silex. . Rock crystal and 
the amethyst are species of quartz. 

R. 

Radicals* A chemical term for the Elements of bodies; 
which see. 

- compouTid. When the base of an acid is composed 
of two or mpre substances, it is said that the acid is formed 
of a compound radical. The sulphuric acid is formed wilh 
a simple radical ; but the vegetable acids, which have radicals 
composed of hydrogen, and carbon, are said to be acids with 
compound radicals. 

Reagents, Substances which are added to mineral waters or 
other liquids as tests to discover their nature and composition. 
Realgar, lied sulphurretied oxide of arsenic. 
Receivers. Globular glass vessels adapted to retorts for the 
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St^hure^j or SidpkureU. Cotnbkiatioas of alkidies^ or metaU 
with sulphur. 

SulpkurettecL A substance is said to be sulpharetted nfben 
it is combined with sulphur. Thus we may »ay Sulphuret- 
ted hydrogen, &c. 

Super-SalU. Salts with an excess of acid, as the . supertar- 
trate of potass. 

Synthesis. When a body is examined by dividing it ioto its 
component parts, it is called analysis / but wfen -we at- 
tempt to prove the nature of a substance by the union of its. 
• principles^ the operation is called synthesis^ 

T, 

Tartrates. Salts formed by the combination of any base 
with the acid of tartar. 

T&f»pera(ure. The absolute quantity of free caloric which is 
iittached to any body occasions the ^degree of temperature 
of that body. 

Test. That part of a cupel which is impregnated with lithaige 
in the operation of refining lead. It is^ also the name of 
whatever is employed in chemical experiments t<> detect the 
several ingredients of any composition. 

Test-Papers. Papers impregnated with certain chemical re- 
agents ; such as litmus, turmeric, radish, &c. They are 
used to dip into fluids to ascertain by a change of colours tlie 
presence of acids and alkalies. 

Thermometer. An instrumeBt t6 show the relative beat of bo>> 
dies. Fahrenheit's thermometer is that chiefly used in Eng- 
land. Other thermometers are used in different parts of £i>- 
rope. 

Tinctitres* Soluti<ms of substances in sfMrituoos mei^trua. 

Trituration, A chemical operation whereby substances are 
united by Iriction. Amalgams are made by this method. 

Tubulated. Retorts which have a hole at the top for inserting 
the materials to be operated upon wrtbout taking Ih^n out of 
the sand heat, aire called iMhuiated retorts. 

Tungstates. Saks ibrmed by the oombuiattoB of any base vith 
tuogstic acid. 

V. 

Vacuum. A space unoccufiied by matter. ^ The term is gfen- 
^ally applied to the exhaustion oi atmo^erk air. by cbei^ 
ical or philosophical means. 
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Vapowr* This term is used by chemists to denote such exhala- 
tions only as can be condensed and rendered liquid again at 
the ordinary atmospheric temperature, in opposition to those 
which ^re permanently elastic. 

V^l Air. Oxygen gas. The empyreal or fire-air of Scbeele, 
and the dephlogisticated air of Priestly. 

Vitrification. When certain mixtures of solid substances, sucti 
as silex and an alkali, are exposed to an intense heat, so as 
to be fused, and become glass, they are then said to be vitri- 
fied, or to have undergone vitrification. 

Vitriols. A class of sul«tances, either earthy or metallic, which 
are combined with the vitriolic acid. Thus there is vitriol 
of lime, vitriol of iron, vitriol of copper, &c. These salts 
are now called Sulphates, because the acid which forms them 
is called sulphuric acid. 

Vitriolated Tartar. The old name for sulphate of potass. 

Volatile Alkali. Another name for ammonia. 

Volatile Salts. The commercial name for carbonate of ammo-, 
nia. 

Volatility. A property of some bodies which disposes them 
to assume the gaseous state. This property seems to be ow- 
ing to their affinity for caloric. ^ 

Volume. A term made use of by modern chemists to express 
the space occupied by gaseous or other bodies. 

• - ■ ■ u. ' 

Union chemiraL When a mere mixture olf two or more sub- 
stat»ces is made, they are said to be mechanically united ; but 
when each or either substance forms a component part of 
tlie product, the substances have formed a chemical union. 

w, . '■ 

JVater. The most common of «11 fiuids, composed of 85 parts 
of oxygen and 15 of hydrogen. 

' mineraL Waters which are impregnated with mineral 
and other substances are known by this appellation. These 
minerals are generally held in solution by carbonic, sulphur- 
ic, or muriatic acid. 

Way, dry. A term usedl>y chemical writers when treating of 
analysis or decomposition. By decomposing in the dry way, 
is meant, by the agency of fire. 

iFay humid. A twm used in the some manner as the for«go- 

32 
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ing, but expressive of decoinpotitiim in a floicl stale, or bj 

means of water, and diemical re-agents, or tests. 
Welding Heat. That degree of h^t in iwhkh two pieces of 

iron or of platina may be united by haminervng. 
Wolfram. An ore of tungsten containing also manganese and 

iron. 
Worm-Tub. A chemical vessel with a pewter worm fixed in 

the inside, and in the intermediate space filled with water. 

It^use is to cool liquors during distillation. 
Woutfe^s apparatus. A contrivance for distilling the mineral 

acids and other gaseous substances with little loss ; being a 

train of receivers with safety-pipes, and connected together 

by tubes. 

Z. 

Zafre. An oxide of cobalt, mixed with a portion of siliceous 
matter. It is imported in this state from Saxony. 

Zero. The point from which the scale of a thermometer is 
graduated. Thus Celsius's and Reaumur's thermometers 
have their zero at the freezing point, while the thermometer 
of Fahrenheit has its zero at that point at wbich it stands 
when immersed in a mixture of snow and common salt. 



LIST OF EXPERIMENTS. 

In making up the following list of experiments I have been 
careful in general to select such as can be made with safety to 
the young student ; where this h not the case the caution is 
mentioned. Most of them require but very simple apparatus. 
Where any experiment illustrates the text, a reference is made 
to the page. Some of them are original, others are borrowed. 
I have not however deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by pol- 
ished metallic surfaces, hold a common new tin-pan before the 
fire. The pan will remain cold. See p. 29. 
' 2. To show the power of a black surface to absorb caloric, 
smoke, or paint black a spot of the size of a dollar on the bot- 
tom of the tin-pan; and hold it towards the fire. On touching 
this spot, it will be found hot, while the parts around it remain 
cold. Seep. 31. 

3. To make the upper part of a vessel of water boil, while 
there is a cake of ice at the bottom. Into a glass tube put wa- 
ter enough to occupy two inches. Freeze this, so as not to 
burst the tube, with a freezing mixture, or by exposure to cold 
in winter. Then fill the tube nearly full of water, and wind 
a flannel cloth^veral times around the part containing the ice, 
so that the heat of the hand will not melt it. Then hold the 
tube in an oblique direction over a lamp, so as to heat the wa- 
ter an inch or two above the ice. The. water will soon begin . 
to boil, and by raising the tube a little at a time, it will boil al- 
most to the surface of the ice, without melting it. See p. 39. 

4. To show that some of the metals conduct caloric better 
than others, procure wires of tlie same size and length, of gold, 
silver, copper, iron, zinc, tin,.&c. The wires maybe 12 or 
14 inches long. Coat one end of each with bees-wax, and put 
the other ends into a vessel of hot water. The wax will melt 
first on the metal which is the best conductor, and the compar- 
ative conducting powers are calculated by the difference of time 
between the melting of the wax on each. See p. S5. 

5. The conducting powers of different substances in regard 
to caloric, may be much more sensibly elucidated, by touching in 
cold weather, a metal with one hand, and a piece of cork, wood, 
or cloth with the other. Here the sensation of cold, to the 
band which touches the metal, is owing to the power which all 
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metals have of condactiog off heat, more rapidly thau aoy o^ 
er class ol" substances. See p. S7- 

6. To show that evaporation carries off caloric, -malstentte 
bulb of a thermometer tube with elAer, by means of a hairpen- 
dl. The mercury immediately begins to fell, and if the pro- 
cess be continued, may be brought down to the freezing pohit, 
even in warm weather. Whenever a fluid stfbsta^Mre is cott« 
verted into vapour, it absorbs a quantity of calorie. In the 
present case, the ether takes from the bulb of the thermometer, 
the caloric necessary to give it the elastic form. Therefore, 
every new application of the ether carries off succesitve por- 
tions of heat, and the mercury continues to sink, until the bulb 
becomes so cold, as to absorb caloric firom the suirounding 
air, faster than it is carried off by the evaporation. This is 
the reason why the mercury cannot be depressed below a cer- 
tain pfAni by evaporation. The ether, although it assumes the 
elastic form, does not receive the caloric necessary for thb pur- 
pose from the thermometer, but from the surrounding air. 
Seep. 53. 

7. To demonstrate that fluids btnl at comparatively small de- 
grees of heat, when the pressure of the atmosphere is taken off, 
about half fill with water a small retort, or Florence flask (com- 
mon oil flask,) and let it boil over a lamp. When the tipper 
part b filled with steam, take it from the lamp, and instantly 
cork it air tight. If now it is put into cold water, it begins to 
boil violently. If taken out of the water, it stops boiling, ami 
this may be done many times. This curious method of niak- 
ing water boil by the application of cold, is easily accounted 
for. When the flask is put into cold water, the steam with 
which it was filled, is condensed and returns again to water 
This leaves a v€Lcuum^ in which water is converted into steam, 
or boib, at a much lower temperature than in the open t^ir. 
See p. 55. 

8. If the above experiment is made.by mean^of a small re- 
tort, a very curious circumstance may be observed : When the 
water is cold, and consequently nearly a perfect vacuum is 
formed, if the retort is shaken, there is produced a sharp rattling 
noise, as though it contained shot, iiistead of water, so that one 
would suppose by the noise that the retort would be broken ta- 
to a thousand parts at every motion. This is owing to the 
weight with which the water falls upon the glass, when there is 
no air to impede its motion. 

9. Into a thin glass vessel, pour an ounce or two of water, 
and then pour in two drams of sulphuric acid 5 the glass will 
instantly become too hot to be held in the hand. This experi- 
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merit elucidates the doctrine of laient heat. On mixing these 
two fluids^ a chemical combination takes place between their 
particles, in consequence of which caloric U extricated, at the 
9ame time their bulk is diminished. This also illustrates Dr. 
Black^s lawj that when substances puss from a rarer to a denser 
state, caloric is given ouh If one measure of sulphuric acid, 
and oneof water, be mixed together, the mixture will not again 
fill the measure twice. See p. 69* 

10. To procure nitrogen^ take a bell glass, or large tumbler, 
and invert it over a short taper, set hi a shallow dish of water. 
The tap«r burns until it absorbs all the oxygen contained in the 
air under the bell glass. What remains is nitrogen. If now 
a lighted taper be put under the bell glass, it will be instantly 
extinguished, showing the absolute necessity of oxygen for the 
support of combustion. See p. 85, 89. 

11. The formation of water by the burning of hydrogen 
may be shown thus : Take a Florence flask and pour into it 
half a pint of water, then put in about an ounce of granulated 
zmc, or the same quantity of iron filings, and then pour in half 
an ounce by measure of sulphuric acid. Have ready a cork, 
pierced with a burning iron, and the stem of a tobacco pipe 
passed through the aperture. After putting in the acid, put 
the cork in its place, and fix the flask upright by settiiig it in a 
bowl, surrounded by a cloth, to make it stand up and prevent 
its breaking. As the hydrogen is formed, it issues through the 
stem of the tobacco pipe, at the end of which U is to be fixed. 
If now a glass tube two or three feet long and an inch or two 
wide be passed on to the stem so as to include the flame within 
its bore, the tube, in a few moments will be covered on the in- 
side with moisture. See p. 106. i 
. If the orifice of the tube is quite snu^ll at the end where the 
gas is fired, the above experiment serves to produce the musical 
tones. See p. 108. 

12. An exhibition of gas light may be made as follows : In- 
to the bowl of a common tobacco pipe put a piece oi miner diy or 
what is called sea-coaly and cover the coal closely with clay. 
When the clay is dry, place the bowl in tlie fire and heat it 
slowly. In tt few minutes the gas, called carburetted hydrogen 
will issue from the end of the pipe stem ; set fire to it with a 
candle, and it will burn with a beautiful bright flame. This is 
gas with which the streets, factories &c. are lighted in many of 
the European cities. 

la the absence of mineral coal, a walnut, smaH piece of pine 
knot, or butternut meat Ssx. oiay take the place of the coal. 
See p. 114. 

32* 
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13. The following gives an examf^e of the manoer in wincJi 
sulphuric acid is formed. 

Mix with a small quantity of the flowers of suifrhur, abc^t 
one fifth part of finely pulverized nitre. Make a stand by hol^ 
lowing with a hammer a large button^ and attaching wit« to the 
eye, for feet, so that the butt(»i willljetwo inches high; — 'Op by 
any other means, place the sulphur and nitre about this heighth 
in a shallow dish, containing an inch or two of water. Set Are 
to the mixture with a hot iron, and immediately inven^ over it 
a bell glass, or large tumbler. The sulphur, as it burns, ab- 
sorbs oxygen from the air contained under the bell glass, in a 
proportion which would constitute sulphurous acid. At the 
same time the heat \yhich this process occasions, compels the 
nitre to give out another proportion of oxygen, which is absor- 
bed by the sulphurous acid, and this additional quantity of ox- 
ygen, constitutes sulphuric acid. See p. 121. 

14. Take three parts of nitre, two of potash and one ofsui- 
plMir, and mix them intimately, by nibbing in a mortar. This 
compound is called /i/Zmina^'n^pouY^er. On placing a little 
of it on a shovel over a hot fire, it explodes with great vio- 
lence, and with a peculiarly stunning report. 

15. The combustion of phospkuretted hydrogen in oxygen 
gas, affords one of the most striking, and beautiful, anuHig 
chemical experiments. It is done as follows: Take some 
phosphuret of lime, wrap it in a paper and push it under a ves- 
sel, as, a wide mouthed vial, filled with water, and inverted on 
ilie shelf of the^^ater bath. As soon as the water penetrates 
through the paper so as to wet the phosphuret of lime, bubbles 
of phosphuretted hydrogen, begin to rise up through the water. 
While tbis is going on, fill a strong glass vessel, as a tumbler, 
or a piece of thick glass tube stopped at one end, with oxygen 
gas. Invert this also on the shelf of tlie water bath. Wlien 
the phosphuretted hydrogen is collected, take the vessel con- 
taining it in one hand, and that containing the oxygen in the 
other 5 bring the mouth of the former, by sinking it deeper in thfe 
water, under the edge of the latter vessel, then by carefully de- 
pressing the bottom of the vessel containing the phosphoretted 
hydrogen, let up a bubble at a time into the oxygen gas. If 
this experiineut is made in a darkened room, the flashes of light 
appear astonishingly vivid and beautifufc See p. 126. 

. l6. Take six or eight grains of oxy-muriate ofpotctshy put it 
into a mortar and drop in with it about a grain of solid phospho- 
ms, cut into two or three parts ; then rub them together with 
the pestle. Very violent detonations are produced by the^ 
small quantities. It Is best, therefore, not to use more than is 



bete mentJooed at a time. The hand hoWing-the pestle ought 
always to be protected with a glove or liaodkerchief. 

17* To make Ikiuid phosphorus, take an ounce vial and half 
fill it wkh olive oil, and put into the oil a piece of phosphorus of 
the size of a pea ; gradually heat the bottom of the vial, until 
the phosphorus is melted, taking care to keep the thumb on the 
mouth ; then cork it air tight. If this vial is first shaken, and 
then the cork be taken out, it becon^es luminous, first near the 
mouth, and gradually down to the oil, at the bottom. The' light* 
which a bottle prepared in this way gives, particularly if. warm- 
ed, by holding it in the hand, is sufficient to tell the hour of 
night by a watch. This luminous appearance, when the cork 
is removed, is owing to the unroitof the oxygen of the atmos- 
phere with the plmsphoFUS. It is a slow combustion, attended 
with light, and nw>st probably with some heat. 

18. If drawings be made on silk with a solution of nitrate of 
silver, and the silk first moistened, is exposed to a stream of hy- 
drogen gas, or in any other way exposed to the action o( this gas, 
the metal is instantly revived, and the silk is covered with fig- 
ures of silver. See p. 147. 

19. If a few drops of a solution of -nitrate of silver in water, 
be placed on a bright surface of copper, the silver is revived, 
ami gives the copper a brilliant white coat of tl^t metal. This 
is- explained on the principle of affinity. The copper has a. 
stronger attraction for the acid which composes a part of the 
nitrate of sil ver, than the silver itself has. Therefore it attracts 
the acid from the silver, in consequence of which this b receiv- 
ed, and at the same time precipitated on the copper. See p. 
147. 

20. Take a little of the. white arsenic of the shops, and mix 
it with some finel> ground,. charcowl ; put the mixture ijrto a 
small glass tube closed at one end, and expose the part where 
the mixture is to a moderate degree of heat gradually raised 5 
the arsenic will be received, and will attach itself to the upper 
part of the tube, giving it a brilliant metallic coat like quick 
silver- The arsenic may be preserved in this state by stopping 
up the tube. See p. 149. 

21. Dissolve a teaspoon full of sugar of lead in a quart of 
rain water* Put this intoa decanter^ or wliite glass bottle, and 
suspend in it by means of a string a piece of zinc. The zinc 
decomi:>oses the acetate of lead by depriving it of its oxygen ; 
the consequence is that the lead is precipitated in the metallic 
state on, and around the zinc, and forms a brilliant tree of m^- 
taL 

22. Pour a solution of nitrate of silver into a glass vessel 
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tod immerse a few slips of copper in it In a short time a 
portion of copper will be (^solved, and all the silver precipi- 
tated in a tnetaliic form. If the solution which miw cootatos 
copper be decanted into another glw, and pieces of iron ad- 
ded to it, this metal will then be dissolved, and the eq^per jwe- 
cipitated, yielding a striking insM^nce of peculiar s^aitio* 
See p. 170. 

23. Ivofy may be coated with silver 4jy- the following pro- 
cess. Make a strong selutioi) of nitrate of silver in pure wai- 
ter ; into this immerse a piece of ivory until it turns yeilaw ; 
then take it out and immediately phmge it into a vessel of dis- 
tilled water exposed to the direct rays of th^ sun until it turns 
black. On rubbing it gently*it will appear covered with a 
brilliant coat of silver, resemblmg a bar of that metaL This 
curious effect is owing to the solar light which decomposes the 
nitrate silver by taking the oxygen from i^, which ^es ofi' in 
the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass 
bubbles of carbonic acid gas by means of a bladder and tube, 
the lime water instantly becomes white and turlwd, and &iaUy 
deposits a quantity of carbonate of Ume in the form of p<nv- 
dered chaik. If now tlie water be evaporated a white. powder 
reinains which eflfervesces with acids. If this powder is pm 
into a retort, and sulphuric acid diluted with water is poured 
upon it, the beak of the retort being under a vessel filled with 
water, the carbonic acid is again obtained, and the salt remain- 
ing in the retort will be sulphate of lime, or g3rp$um. 

25. Mix one part of nitric acid with 5 or 6 parts of water in 
a vial ; into this put some copper ^ings, and in a few momems 
pour off the liquid ; it will be colourless. If now there be ad- 
ded some liquid ammonia, another colourless fluid, the nature 
becomes of an intense and beauti^l blue. Hence ammonia is 
a most delicate^ test for the presence of cofiper, with which it 
strikes.a deep blue colour. Seep. ISO. 

25. Put into a vial of pure water a few drops of the tincture 
of nut galls, made by steeping the galls in water ; into another 
vial of pure water put a grain or two of the sulphate of iron. If 
these colourless fluids are mixed, they instantly become bk^k. 
Tincture of galls is a most delicate test for the presence of iron, 
with which it strikes a black. These two substances form the 
basis of ink. Seep. 1 BO. . . 

27. Take two small glass jars, or tumWers, and fill one widi 
carboHtc a^d gaa, and ^e other with ocp^en gas. Have them 
set upright with a cover on each. If a lifted taper be plunged 
into the vessel oootaining the carbonic add, it is extinguished 



instaniiy; btit^itis immediately plunged into the other jar 
contafning^hc^ oxygen, it is as instantly lighted with a sort of 
explosion. See p, 2 19. 

28. Put eight or ten grains of 039^-muriate of potash into a 
teacup, and then pour in two or three drams of alcohol — If now 
about two drams of sulphuric acid is added, the mixture begins 
to dart forth little balls of blue j&re, and in a minute or two, the 
whole bursts into flame. The alcohol is inflamed by the clo- 
rine which is set free from the salt, in consequence of the com* 
bination which takes place between the potash and sulphuric 
acid. See p. 233. 

29. Into a glass tube half an inch or an inch wide, two or 
three inches K^g, with a bulb at the end, put a gram or two 
of iodine. Warm the tube, (but not at that part where the 
iodine Is,) and inunediately cork it tight ^ the tube remains co- 
lourless, there being only a. few little specks here and there- If 
at any time the tube be warmed at that part where the iodine is, 
it is instantly filled with a gas of a most beautiful violet colour. 
If carets taken to keep the tube well closed, so that the iodiae 
does not escape, when it takes the form of gas, this effect will 
always be produced whenever the tube is warmed. A tube 
with two bulbs, like what is called Sipidse glass^ containing the 
iodine hermetically sealed, would be better. . Such 8l little ap- 
paratus would be quite a curiosity to those who know nothing 
of the nature of iodine.^ See p. 235.^ 

30* Write on paper with a solution of the nitrat of silver, 
taking care not to have it so strong as to destroy the paper. 
So long as it is kept in the dark, or if the paper be closely fol- 
ded, the writing remains invisible; but on exposure to the rays 
of the sun the characters turn yellow, and finally black, so that 
they are perfectly legible. 

Mr. Accum says, that this change of colour ia owing to the 
partial reduction of the oxide of silver from the light expelling 
a portion of its oxygen ; the oxide therefore approaches to the 
metallic state ; for when the blackness is^examined with a deep, 
or powerful magnifier,' the pai^icles of metal may be distinctly 
seen« 

31. Write on paper with a dilute solution of common sugar 
of lead ; -the writing will remain invisible. But on moistening 
the lines with a pencil, or feather dit)ped in water impregnated 
with sulphuretted hydrogen, the metal is revived, and the let- 
ters appear in metallic iH-illiancy. 

The au^or above cited, says, that in this instance, the hy- 
dr(^en of the sulphuretted hydrogen gas, abstracts the oxygen 
from the oxkie of lead^ and causes it to re-approa«h to the me- 
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tdlic state ; at the same ^ime^ tbe sulpbur of tfm sulphuretted 
hydrogen gas combtaes with the metal thus r^enerated, afid 
converts it into asulpburet, which exhibits thetnetaltic ccd^r. 

32. Write on paper wi^ a solution of the sulphate eC cop- 
per. If this is strong, the writing will be of a faint green ed- 
our 'f if weak the characters are invisible. On holding the ptf- 
per over a vessel contaioifig «oiDe liquid ammcmiay or if it W 
exposed to the action of th^ gas in any other way, the writing 
assumes a beautiful blue colour. On exposing die paper to the 
sun the colour disappears, because the ammonia evaporates. 

S3. Put a small piece of phosphorus into a crucible^ cover 
It closely with common chalk, so as to fill ^e crudble. Let 
another crucible be inverted upon it, and both subjected to the 
fire. When the whole has become perfectly red-hot, reinove 
them from the tire, and when cold, the carbonic ^cid of tbe 
chalk will have been decomposed, and the Black Chaivoa}, the 
basis <^ the acid, may be easily perceived amongst the mate- 
riab. - 

34. Into a large glass jar, inverted upon a flat brick tile, 
and containing near its top a branch of fresh rosemary, or any 
other such shrub, moistened with water, introduce-a flat thick 
piece of heated iron, on which place ikmhc gum bensoln in groe^ 
powder. The benzoic acid, in consequence of the hteat, wifi 
be separated, and ascend in white fumes, which will at Wngth 
condense, and form a most beautiful appearance upon the leaves 
of the vegetable. This will serve as an example -of Sablt'ma- 
tion. ^ 

35. Mix a little acetate of lead with an equal portion of 
sulphate of zinc, both in fine powder; stir them together with 
a piece of glass or wood, and no chemical change will be per- 
ceptible : but if they be nibbed together in a mortar, the two 
solids will operate on each other ; an intimate union will take 
place, and a fluid will be produced. If alum or Glauber salt 
be used instead of sulphate of zinc, the experiment will be 
equally successful. - 

S6% if the leaves of a pknt, fresh gathered, be placed in the 
sun, very pure oxygen gas may be collected. 

37. Put a little fresh calcined magnesia in a tea-cop npon 
the hearth, and suddenly pour over it as much concentTatedsul^ 
phuric acid as will cover the magnesia. In an histant sparks 
will be thrown out, and the mixture will be completely if nHed. 

38. If a few pounds of a mixture of iron filings and sulphur 
be made in paste with water, and buried in the ground for a 
few hours, the water will be- decomposed with so much rapid!-* 
ty^ that comb»stion and fiaaie will be the consequeoee. 



$Q. For wimt of a ptoper gfass vessel^ a table spooi^ful of 
ether majr be put into a moisteoed bladder, and tlie neck of the 
bladder closely tied. If hot water be then poured upon it^ the 
ether will expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground 
into it J introduce a few copper Ifilings, then ^tirely fill it with 
liquid ammonia, and stop the phial so as to exclude all atmos* 
pberic air. If left in jthis state, no solution of the copper will 
be effected. But if the bottle be afterwards left open for some 
time, and then stopped, the metal will dissolve, and the solu- 
tion will be colourless. Let the stopper be now taken out, and 
the fluid will become blue, b^inning at the surface, and spread- 
ing gradually through the whole* If this blue solution has not 
been too long exposed to the air, and fresh copper filings be put 
in, again topping the bottle, the fluid wiU once more be depri- 
ved of its colour, which it will recover only by the re<admts- 
sion of air. These effects may thus be repeatedly produced. 

41. If a spoonful of good alcohol and a little boractc acid 
, be stirred together in a tea-cup, and th«Q set on tire, they will 

produce a very beautiAil green flame. 

42. Allqy a piece of silver with a portion of lead, place the 
alloy upon a piece of charcoal, attach a blow-pipe to a gasome- 
ter charged with oxygen gas, light the charcoal first with a bit 
of paper, and keep up the heat by pressiiig upon the machine. 
When the metals get into complete fiasion, the lead will begin to 
burn, and very soon will be all dissipated in a white smoke^ 
leaving the silver in a state of |>urity. This experiment is de- 
s^ned to show the fixity of the noble metals. . 

4S. Burn a piece €^iron wire in a deflagrating jar of oxygen 
gas, and sufler it to bum till it goes out <^ itself. If a lighted 
wax taper be now let down into the gas, this, will bum in it for 
some time, and then become extinguished. If ignited sulphur 
be now introduced, this will also burn for a limited time. Last- 
ly, introduce a morsel of phosplwrus, and combustion will also 
follow in like manner. These experiments show the relative 
CKMobustibility of diffieroit substances. 

44. Drop a piece of phosphorus about the size of a pea into 
a tumbler of hot water, aad from a bkfdder, famished with a stop 
cook> force a stream of oxygen gas directly upon it. This will 
afibrd the most brilliant comlrastion under water tliat can be 
imagined. 

45. Take an amalgam of lead and mercury, and another 
amalgam of bismuth, let these two solid amalgams be mixed by 
triture, and they will instantly become ^id. 

46. Into distiUed water drop a little spirttuous solution of 
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soap, no chemical effect will be perceived ; but if sooie of 
the same soltition be added to hard-water, a milkiness will im- 
mediately be produced, Dwie or less, according to the degree of 
its irapority. This is a good method of afscertaining the purity 
of spring \vater. 

47. To -silver copper, or brass. Clean the article intended 
to be silvered, by means of dilute nitric acid, or by scouring W 
with a mixture of common salt and aluiii. When it fe perfectly 
bright, moisten a little of the powder, known in commerce by 
the name o( silvering powder, with water, apd rub it for some 
time on the perfecdy clean surface of copper, at brass, which 
will become covered with a coat of metallic silver. It may af- 
terwards be polished with soil leather. 

The silvering powder is prepared in the folio wing, manner: 
Dissolve some silver in nitric acid, and put pieces of copper into 
the solution ^ this will throw down the silver in astateo/iuetai* 
lie powder. Take fifteen or twenty grains of this powder, an^ 
mix with it two drachms of acidulous tartarite of potash, the 
same quantity of common salt, and half a drachm of alum. 
Another method : Precipitate silver from its solution in nitric 
actd by copper, as before 5 to half an ounce of this silver* add 
common salt and muriate of ammoniac, of each two ounces, and 
one drachm of corrosive sublimate; rub them together, and 
make them into a paste with water. With this, copper uten- 
sils intended to be silvered, that have bee© previously boiled 
with acidulous tartarite of potash and alum, are to be rubbed ^ 
after which they are to be made red-hot, and polished. 

48. To prove that the air of the atmosphere always eo»- 
taios carbonic acid. This may be shewn by simply pouHng 
any quantity of barytic water, or Kme water, repeatedly frona 
one vessel into another. The barytic water, when deprived of 
the contact of air, is perfectly transparent ; but it mstantly be- 
comes milky, and a white precipitate, whidi is carbonate of ba- 
ry tes, is deposited, when brought into contact with it for a few 
ro'mutesonly. 

The quantity of carbonic acid contained in the atmosphere^ 
seldom varies, except in the immediate vicinity of places where 
respiration and combustion are gpipg on in the large way, a^ci^ 
|s about one hundredth part. 
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Ahsorhent vesseb, 301 

Absorption of Caloric, 35 

Acetic acid, 198, 252 

Acetous fenneotatioD, 267 
■ acid, ^2 

Aciduloos giueoofl minenJ wa- 
ters, SJ2 
. M salts, 253 

Aoids, 196 

Aeriform, 19 

Affinity, 10, 165 

Agate, 188 

Agriculture, 274 

Air, 84 

Air pump, 53 

Albumen, 194 

Alburnum, 2C6 

Akbemists, 2 

Alcobol, or spirit of wine, 259 

Alembic, 118,261 

Alkalies, 173 

Alkaline earths, 174, 188 

AOoys, 155 

Alum, or sulpbat of ahimine, 190, 
207 

Alumine, 185, 190 

Aluraitim, 8 

Amalgam, 156, 182 

Ambergris, 325 

Amethyst, 191 

Amiaothttf, 195 

Ammonia, or volatile alkali, 163, 
174, 181 

Ammoniacalgas, 181 bow obtain- 
ed, 183 

Ammonium, 7 

Amphibious animals, 321 

Analysis, 130 

• ofTegetable89 254 
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Animal acids, 199, 295 

■ economy, 297 

colours, 297 

heat, 315 

— oil, 243, 294 

AnimaHzation, 140, 289^ 29^ 

Antidotes, 193 

Antimony, 8 

Aphlogistic lamp, 328 

Aqua fortis, 211 

-— regia, 153 

Arrack, 961 

Argand's Lamp, 96 

Arsenic, 8, 153, 156 

Arteries, 301, 309] 

Arterial blood, 309, 312 

Asphaltum, 270 

Assafoetida, 247 

Assimilation, 299 

Astringent principle, 252 

Atmosphere, 49, 84, 97 

Atmospherical air, 85 

Attraction of aggregation, or co- 

henon, 9, 168 
Attraction of composition, 11,1^5 
Azot, or nitrogen, 209 
Azotic gas, 84 

B 

Balsams, 148 
BaUoons, 112 
Bark, 283 
Barytes, 191 ^ 
Bases of acjds, 129, 198 

gases, 86 

salts, 167 

Beer, 258 ' 

Benzoic acid, 198, 252 
Bile, 306 
Birds, 301, 321 
Bismuth , Q 
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BitaineD8,$70,327 

Black lead, or pkmbagOj 137 

Bleacbicg, 204 

Blow pipe, 132, 146 

Hare's 147 

Blood, 311,^13 

Blood ressels, 289, 311, 

Boiling water, 55 

Bombic acid, 295, 326 
Bones, 298 

Boracic acid, 164, 223 
Boracium, 8, !223 
Boratofsoda, 224 
Brandy, 261 
Brass, 155 
Bread, 268 
Brickf, 191 
Brittle metals, 8 
Bronze, 155 
Butter, 322 
Buttermilk, 323 



Calcareous earths, 191 

— — stones, 219 

Calcium, 7 
Caloric, 17 

— — , al)sorption of, 35 
, conductors of, 36 



-, combined, 57 

-, expansive power o^ 1 8, 20 

-, equilibrium of, 26 

-, redexioR of, 33 

-, radiation of, 27, 31 

-, solvent power of, 46 



, capacity for, 59 

Calorimeter, 72 

Calorimoter, 83 

Calx, 91 

Camphor, 246 

Camphoric acid, 198 

Caoutchouc, 248 

Carbonats, 176, 222 

Car bonat of ammonia, 184 

' — ^— barytes, 192 

lead, 144 

■ — lime, 193 

magnesia, 195 

— potash, 176 

Carbonated hydrogen gas, 136 

Carbon, 128 

C^boBic acid^ 131, 21^ 



Carburet of iroi^ 135 

Carmine, 297 

Cartilage, 300 

Castor, 326 

Cellular membrane, 303 

Caustics, 157 

Chalk, 193, 222 

Charcoal 129 

Cheese, 325 

Chemical attractioo, 9, 166 

Chemistry, 2 

Chest, 307 

China, 190 

Chlonne, 230 

Chrome, 8, 153 

Chyle, 301 

Chyme, 306 

Citric acid, 198, 252 
Circulation of the bloody 30^ 
Civet, 326 
Clay, 191 
Coke, 271 
Coal, 271 
Cobalt, 8, 159 
Cochineal, 297 
Cold, 26 

from evaporation, 50, 53, 54 

Colours, change of, 180 
Columbium,8, 153 
Combined caloric, 57 
Combustion, 88 

• , Tolatile, products o^ 

96 



' , fixed products of, 96 

^-, of alcohol, 264^ 

— — , of boracium, 224 

— —— — , by oxymuriatic acid 
or chterine, 228 

, of carbon, 131, 218 

— , of coals, 109, 137 

-' , of charcoal by oitric; 

acid, 210 f 

— — ■ — — , of candles,. J.40 

^ , of diamonds, 132 

, of ether, 266 

•, of hydrogen, 99, 106 
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-, of iron, 94 . 
-, of metals, 145 
-, of oils, 139 
» ofoil of turpentioe bj 



nitrous acid. 167, 210 

' : of phosphorus, 12S 

■ » of sulphiTi U9 . 
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Combustioii of potassium, 162 

— , of candles, 108 

-Compound bodies, 5, 173 

or»ieutral salts, 175 

Conductors of heat, 38, 39 
1 . y solida,^ 36 

, fluids, 39 

-, Count Itumford's 



theory, 39 
Constituent parts, 5 
Copper, 8, 158 
Copal, 247 
Cortical lajen, 283 
Cotyledons, or lobes, 279 
Cream, 3^ 
Cream of tartar, or tartrit of pot- 

asb, 353, 262 
Cryophunis, 72 
Cryttallitation, 152 
Cucurbit, 117 
Culinary beat, 42 
Curd, 322 
Cuticle, or epidermis, 304 



DecompositioD, 4 

of atmospherical 

air, 85, 89 

■ M . of water by the 
Voltaic battery, 101 

- of salts by the Vol- 



taic battery, 172 

— <Jf water by metals, 



-by carbon, 
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136 



-^ of vegetables, 254 

of potash, 164 

of soda, 163 ^ 

— « of ammonia, 163 

,— of animals, 327 

-«— — of the boracic acid. 



Diamond, 129 
Diaphragm, 308 
Digestion, 30C 
Diss(»lution of metals, 150 
Distillation, 117, 203, 261 

^ of red wine, 261 . 

Divellent forces, 170 . 
Division, 4 
Drying oils, 244 
Dyeing, 249 

E 

Earths, 185 

Earthen-ware, 191 

Effervescence, 136 

Efflorescence, 206 

Elastic fluids, 19, 85 

Electricity, 13, 74, 79, 81 

Electric machine, 78 

Elective attractions, 168 

Elementary bodies, 7 

Elixirs, tinctures, or quintesce/i'* 

ces, 263 
Enamel, 191 
Epidermis of vegetables, 283 

of animals, 304 
Epsom salts, 195 
.Equilibrium of caloric, 26 
Essences^ 245 

Essential or volatile oils, 245 
Ether, 265 
Evaporation, 49 
Evergreens, 288 
Eudiometer, 125 
Expansion of caloric, 18 
Extractive colouring matter, 24jB 
Exhilarating gas, 216 



224 

' ^ the fluoric acid, 

225 W 

....£ — oM^e muriatic acid, 

226 
Deflagration, 217 
£>t;6mte proportions, 171 
Deliquescence, 207 
Detonation, 217 
VeWf 50 



Falling stones, 154 
Fat, 323 
Feathers, 299 
Fecula, 242 
Fermentation, 255 
Fibrine, 294 
Fire, 4, 14 
Fish, 320 

Fixed air, or carbonic acid, 131^ 
219 

alkalies, 174 

oils, 139; 243 
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Fix^d producli of combustioir, 96 

Flame, 110 

FUnt, 188, 191 

Flower or blossom, S86 

Fluoric acid, 187, 224 

Fluorium, or Fluorine, 9iS 

Food of plants, 273 

Formic acid, 295 

Fossil wood, 271 

FrankiDC<^se, 247 

Free or radiant calorif, or heat of 

temperature, 27 
Freezing mixtures, 67 

by evaporation, 53,72, &c. 
Frost, 50 
Frostbearer, 72 
Fruit, 257, 286 
Fuller's earth, 190 
Fujmace, 142 

Galls, 252 

Gallatofiron, 208 

Gallic acid, 208, 252 

Galvanism, 75 

Gas, 84 

Gaslights, ItO 

Gaseous oxyd of carbon, 134 

nitrogen^ 214 
Gastric juice, 306 
Gelatine, or jelly, 292 
Germination, 279 
Gin, 262 
Glands, 298, 302 
Glasi, 178 
Glauber^s salts, or sulphat of soda^ 

177 
Glazing 191 
Glucium, 7 
Glue, 291 
Gluten, 242 
Gold, 8, 153 
Gum, 240 

arable, 240 

elastic, or caontchottc, 248 
resins, 247 
Gunpowder, 216 
Gypsum, or plaister o(' Faj-is, oi* 

sulphat of lime, 207 
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Hair, 302 



Hall, Srr James, 57 

Harrogate water, 122 

Hartshorn, 174, 183 

Heart, 311 

Heat, 14, 18 

latent, 55, 62 
of capacity, 6S 
of temperatore, 17 

Honey, 24^2 

Horns, 291 

Hydro carbonat, 110, 1^ 

Hydrogen, ^8 

gas, 99 

landJ. 

Jasper, 188 
Ice, 66 

Jelly, 291, 304 
Jet, 270 

Ignesfatui, 126 . 
Ignition, 56 

Imponderable agents, 6 
Infiammable air, 99 
Ink, 208 
Ink spots, 253 
Integrant p^rtg, 5 
Iodine, 7, 235 
Iridium, 156 
Iron, 148 
Isinglass, 291 
Ivory blacky 297 



Kali, 180 
Koumiss, 324 



Lac, 326 
, Lactic acid, 295, 326 

Lakes, colours, 248 

Lamp without flame, 338 
, Latent heat, 55 ^ 

Lavender water, 2^ 

Lead, 144, 149 • 

Leathery 250, 293 

Leaves, 28 1 

Life, 236 

Ligaments, 300 

Light, 14, 281 

Lightning, 210 
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water, lOS 
Limestone, ld2 
Linseed oil, 'Ziti 
Liqueurs, 263 
Liver, 302 
Lobes, 279, 313 
Lunar caustic, or mtrat of siheri 

167, 217 
Lungs, 310, 312 
Ljmpb, 301 - 
Ljrmpbatic vessels, 301 

M 

Magnesia, 195 

Magnium, 7 

Malic acid, 198> 252 

Malt, 258 

Malleable metals, 8 

Manganese, 8 ^ 

Manna, 242 

Manure, 274 

Marble, 222 

Marine acid, or muriatic acid, 225 

Mastic, 247, 305 

Materials of animals, 289 

of vegetables, 237 
Mercury, % 155 

new mode of freezing, 
53,156 
MetalHc acids, 153 
oxyds, 143 
Metals, 140 
Meteoric stones, 154 
Mica, 195 
Milk, 302, 322 
Minerals, 142- 
Mineral waters, 134, 198 

acids, 198 
Miner^s lamp, 115 
Mixture, 47 
Molybdena, 8, 153 
Mordant, 249 
Mortar, 195 
Mucilage, 209 
Ilacous acid, 240, 198 

membran e, 304 
Mariatic^acid, or sparine add, S25 
Mvriats, 232 

M«riat of ammonia, 181| 232 
liais, 61 



Muriat of soda, or common salt, 
225,232 

potash, 226 
Mvriatium, 8 

Muscles of animals, 2989 ^^ 
Musk, 326 
Myrrh, 247 

. . N 

Naptha, 160, 270 
Negative electricity, 13, 74, 79 
Nerves, 302 

Neutral, or compound salts, 196 
Nickel, 7, 154 

Nitre, or nitrat of potash, or salt- 
petre, 211, 216 
Nitric acid, 209 
Nitrogen, or azot, 48 

gas, 90 
Nitro muriatic acid, or aqua Te- 

gia, 163, 229, 
Nitrous acid gas, ^13 

air, or nitric oxyd gas, 
212 
Nitrats,215 
Nitratof copper, 167 

ammonia, 215, 217 
potash, or nitre, or salt- 
petre, 180, 211, 217 

silver, or lunar caustic, 
217 
Nomenclature of acids, 120, 196 
compound salts, 
166 
Nut-galls, 208 
Nut-oil, 244 
Nutrition of plants, 274 
of animf^s, 298 



Oils, 138, 243 
Oil of amber, 271 

vitriol, or sulphnrio acid, 20 1 \ 
Olifiant gas, 245 
Olive oil^ 243 
Ores, 142 

Organized bodies, 236 
Organs of animate, 303 
v^etableS|288 
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OxaUc acid, S52, 198 
OxfdMj 150 
Ox/dofmaoganete, 143 

iroo, 91 

k^d, 144 

tulphur, SOS 
Oiydatioo, or oxygenation, 150, 
196 

gaa, or vital aii^ 84 
Oxy-mariatic acid, 163, ^37 
Oxy-muriats, 233 
0xy-muriatof potaidi, 233 



PaUadiam, 153 

PaiHn'idigi«ter,292 

Pareachyaia,279,283 

Parti«let/9 

Pearl-ash, 176 

Peat, 271 

Peculiar juice of plants, 283 

Perfect metaU,8 

Pertbinei, 245 

PertpiratioD, 314 

PetriftustioD, 270 

Pewter, 155 

Pharmacy, 2 

PhQ^>hatoflimei209 

Phosphorated hydrogen gaa, 126 

Phoiphoresceaee, 16 

Phosphoric acid, 208 

Phosphorous acid, 208 

Phosphorus, l23 

Photphoretof lime, 126 

sulphur, 127 
Pitch, 283 
Plaistcr, 195 
PlaUna, 8, 147 
Plating, 155 
Plumbago, 139 
Plumula, 279 
porcelain, 191 

Positive electricity, IIL 74> 79, &c. 
Potassium, 8, 100, 162 
Pottery 190 
Potash, 160 
precipitate, 12 

pressure of the atmosphere, 55, 56 
Prussiat of iroB» or PrasMati bloei 
S95 



Prussiat of potash, f8B 
Prustic acid, 295 
Putrid fermentation, 268, 396 
Pyrites, 155, 207 
Pyrometer, 20, 25 

Q 

Quicklime, 192 
Quiescent forces, 170 



Radiation of caloric, 28 

Prevost's theory, 27, 

30 

Pictet^s exfi^aiia* 

tions, 28 

Li^lie's illttstratioas^ 

31 
Radicals, 196, 199 
Radicle, or root, 279 
Rain, 60 
Rancidity, 245 
Rectification, 262 
Reflexion of caloric, 28, 31, 
Reptiles, 321 
Resins, 246 
Respiration, 307 
Reviving of metals, 147 
Rickets, 299 
Rhodium, 153 
Roasting metals, 142 
Rock crystal, 188 
Ruby, 187 
Rum, 261 
Rust, 143, 148 



Saccharine fermentation, 256 

Sal ammbttiac, or muriat of aoung^ 
nia, 181 

polychrest, or sulphat of pot- 
ash, 205 

volatile, or carbonat of add- 
monia, 184 

Salifiable base^ 167 

SiJifying principles, 167 

Saltpetre, or nitr% or nitrat of 
potash, 180, 211,^17 
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i^aH, 150, 20>6 

Sand, 189 

Saedstone, 189 

Sap of pkDts, 239, 257, 286 

Sapphire, 187 

Saturation, 48 

Seas, temperature of, 41 

Sebacic acid, 245, 195 

Secretions, 313 

Seeds of plants, 257, 286_ , 

Seltzer water, 134, 194 

Senses, 303 

Silex, or silica, 185, 188 

Siliciam, S 

Silk, 326 

Silver, 145 

Simple bodies, 6 

Size, 291 

Skio, 290 

Slaking of lime, 192, 303 

Slate, 190 

Smelting metals, 142 

Smoke, 96 

Soap, 176 

Soda, 163, 180 

wat^r, 136 
Sodium, 163 
Soils, 273 
Soldering, 155 
Solubility, 205 
Solution, 46 

by the air, 47 
of potash, 178 
Specific heat, 59 
Spermaceti, 325, 327 
Spirits, 260 
Spirit lamp, 264 
Steam, 57, 65 
Steel, 138 
Stomach, 306 
Stones, 186 
Stucco, 195 
Strontites, 195 
Strontium, 8 
Suberic acid, 252, 198 
Sublimation, 117 
Succin, or yellow amber, 271 
Succinic acid, 252, 271 
Sugar, 240, 256 

of milk, 324 
Snlphats, 197 

Super^>xygeaated sulphtirie addy 
196 



Sulphat of ahimine, or ahtm, 190 
barytes, 192 
^ iron, 207 
lime, or gypsiHA or 
plaister of Paris, 207 

magnesia, or Epsom 
salt, 195, 207 

potash, or sal poly- 
chrest,205 

sodajorGlauber'ft salti^ 
177^206 
Sulphur, 117 

flowers of, 117 
Sulphurated hydrogen gas» 122 
iSulphurets, 155 
iSulphurous acid, 203 
Sulphuric acid, 201 
Sympathetic ink, 159 
Synthesis, 130 

T 

Tan, 249 

Tannin, 251 

Tar, 283 

Tartarous acid, 252 

Tartrit of potash, 253 

Teeth, 298 

Tellurium, 8 

Temperature, 17 

Thaw, 73 

Thermometers, 21 

Fahrenheit^, 21 
Reaumur^ 22 
Centrigrade, 22 
air, 22 

differential, 23 
constrttctioDof,23 

Thoracic duct, 301 

Thunder, 113 ' 

Tin, 145, 159 

Titanium, 156 

Turf, 271 

Turpentine, 167, 283 

Transpiration of plants, 280 

Tungsten, 8, 153 



Vapour, 57, 65, 266 
Vaporisation, 49 
Varnishes, 247 
Vegetables, 236, 272 
Vegetable acidi 188| 252 
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▼egetable coloun, 248 
beat, 237 
oils, 244 
Vmt, d04, 309 
Venous blood, 309, 312 
Veotricles, 310 
Verdigris, 158 
VeweU, 301 
Vinegar. 267 ^ 
ViDont fermentatioD, 258 
Vital air, or ozjgen gas, B4 
Vitriol, or sulpbat of iron, 201 
Vobtile oils, 139,242, 245 

producta of combustioD. 
254 

alkali, 174, 181 
Voltaic battery, 142, 146, 160, 
172 
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Water, decomposition of, by elec- 
tricity, 107, &c. 

condetisation of, 41 

of tbe sea, 41 ^ 

boiling, 45, 55 

solution by, 47 

jof crystalliuttion, 152 

Wax, 244, ^5 

Wbey, 322 

Wine, 258 

Wood, 200 

Woody fibre, 251, !e84 

Wool, 299 



Yeast, 267 
Yttria, 185 
Yttrium, 7 



Water, 99, 107 

decompoeitioa bycarboa* 



Zinc, 8 
Zicomia, 185 
Zoonic acid, 295 
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1. FBEXZINO POINTS OF i.IQUID9. 

Strongest nitric acid freezes (Cavendisib) 

Ether and liquid amauMua 

Mercury 

Sulphuric acid (Thompsoo) 

Acetous acid 

2 Alcohol, 1 water 

Brandj 

Strongest sulphuric acid (Cawodis^) 

Oil of turpentine (M^cquer) 

Strong wines 

Fluoric acid 

Oib bergamot and elnnamoii 

Human blood 

Vinegar 

Milk 

Oxymuriatic acid 

Water 

Olive oil 

iSuIphuric acid, specific graTity 1 J73 (Iteir) 

Oil ofimniseedsy 50 (Thompson^ 

2. MBLTINO POINTS OP SOLIDS. 

Equal parts of sulphur and phosphonts 

Adipocire of muscle 

Lard TNicholson) 

Phospnorus 

Resin of bSe 

Myrtle wax (jCadet) 

Spermaceti (oostock) 

Tallow (Nicholson) 92 (Thompswi) 

Bees' woz 

Ambergris (La grange) 

Bleached wax (Nicholson) 

bismuth 5 parts, tin 3^ lesKl 2 
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442 




460 




476 




612 




680 




809 




3809 


21 


458r 


27 


4717 


22 


5237 


S2 


17977 


130 


20577 


150 


21097 


154 


21637 


158 


21877 


160 


23177 


+170 


»8 




140 




145 




170 




176 




212 




219 




230 




242 




248 




283 




540 




554 




560 




570 




590 




600 




660 





Sulphur (Hope]) 212 (Fourc.) 185 (Kirw.) 
Adipodre of biliary cafculi (Foarcroy ) ' - 
Tin and bismuth, equal parts 
Camphor 

Tin 3, lead 2, or tin 2, bismuth 1 
Tin (Chrichton) 413 (Irvine) 
Tin 1, lead 4 
Bismuth (Irvine) 

Lead (Crichton) >94 (Irv.) 54Q (Newton) 
Zinc 

Antimony 
Brass 
Copper 
Silver 
Gold 
Cobalt 
Nickel 
Soft nails 
Iron 

Manganese 

Platinum, tungsten, molybdena, uraiiium, ti- 
tanium, &c. 

S. SOLIDS AMD LldUinS VOLATIL1ZEB. 

Ether boils 
Liquid ammonia boils 
Camphor sublimes (Venturi) 
Sulphur evaporates (Kirwan) 
Alcohol boils, 174 (Black) 
Water and essential oils boil 
Phosphorus distils (Pelletier) 
Muriate of lime boils (Dalton) 
Nitrous acid boils 
Nitric acid boils 
White arsenic sublimes 
Metallic arsenic sublimai 
Pho.sphorus boils 

Oil of turpentine boils, about 212? (Dalten) 
Sulphur boils 

Sulphuric acid boils (Dalton) 546 (Black) 
Lini&eed nil boHs, sulphur sublimes (Davy) 
Mercury boils (Dalton) 644 (Secondat) 600 
(Black) 672 (Irvine) 



EFFECTS OP HEAT. 
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4. MISCELLANEOUS EFFECTS OF HEAT. 



i^ahren. 

— 90 
50 
23 

14 

+ 43 
59 
66 
75 
77 
80 
88 
96 

lor 

122 



Wedg. 



165 




31)3 




635 




800 




802 




1050 




1207 


1 


1337 


+ 2 


1857 


6 


2897 


14 


6277 


40 


8487 


57 


10177 


70 


12257 


86 


13297 


94 


14337 


102 


14727 


105 


15637 


-112 


15897 


114 


16007 


lai 


16807 


124 


17327 


125 


20577 


150 


2#127 


185 



Greatest cold produced by Mr. Walker 

Natural cold produced at Hudson^s Bay 

Observed on the surface of th^ snow at Glas- 
gow, 1780 

At Glasgow, 1780 

Equal parts, snow and salt 

Phosphorus burns slowly 

Vinous fermentation bedns 

to 135 Animal putrefkction 

to 80 Summer heat in this climate 

Vinous fermentation rapid, acetous begins 

Phosphorus burns in Oxygen, 104 (Gottling) 

Acetification ceases , 

to 100 Animal temperature 

Feverish heat 

Phosphorus burns vividly (Fourcroy) l48 
(Thomson) 

Albumen coagulates, 156 (Black) 

Sulphur burns slowly^ 

Lowest heat of ignition of iron in the dark 

Hydrogen burns, 1000 (Thomson) 

Charcoal burns (Thomson) 

Iron red in twilight 

Iron red in day light 

Azotic gas bums 

£namei colours burned 

Diamond bums (M'Kenzie) 30 W. = 5000 
F (Morveau) 

Delft ware fired 

Working heat of plate glass 

Flint glass furnace 

Cream-coloured ware fired 

Worcester china vitrified 

Stone ware fired 

Chelsea china fired 

Dei'by china fired 

Flint glass furnace greatest heat 

Bow china vitrified 

Plate glass greatest heat 

Smith's forge 

Hessian crucible fused 

Greatest heat observed 



^^ 



W- '"I 



^^^■P 



Wi^HS^ 
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